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PREFACE  TO  SECOND  EDITION. 


The  kind  reception  and  favorable  criticism  given  to  the  first 
edition  of  this  work  by  medical  educators  and  by  practitioners 
appear  to  have  justified  the  author's  hope  that  it  would  supply 
a  well-defined  need. 

The  second  edition,  herewith  presented,  has  been  carefully  revised 
and  is  much  enlarged.  The  modifications  are  such  as  to  make  the 
work  more  especially  adapted  to  the  needs  of  two  classes — ^medical 
students  and  medical  practitioners.  The  mathematic  and  chemical 
formulse  have  been  simplified  and  condensed  or,  in  some  cases, 
omitted,  while  those  portions  which  deal  with  the  application  of 
physiology  to  clinical  medicine  have  been  much  amplified. 

The  most  notable  additions  to  the  work  are  the  sub-chapters  on 
Pathologic  Physiology.  It  is  becoming  apparent  to  medical  edu- 
cators that  to  master  normal  physiology  alone  without  applying  its 
laws  to  the  sjmiptomatology  of  disease  is  to  miss  a  large  part  of 
the  service  which  physiology  should  render,  just  as  the  mastery 
of  stnictural  or  morphologic  pathology  without  an  understanding  of 
the  modification  which  structural  changes  induce  in  the  functions, 
implies  the  loss  of  a  large  part  of  the  advantage  which  the  study  of 
pathology  should  give  to  the  student  and  practitioner  of  medicine. 
The  author  has  attempted  to  cover  this  most  important  field.  It 
was  thought  wise  to  use  somewhat  different  methods  in  presenting 
the  pathologic  physiolog}'  of  different  fields  of  physiology.  The 
sub-chapters  on  Pathologic  Physiology  occur  at  the  ends  of  the 
following  chapters :  Circulation  and  Blood,  Respiration,  Digestion, 
Metabolism  and  Excretion.  In  the  chapters  on  the  Special  Senses 
and  the  Central  Nervous  System  it  seemed  advantageous  to  discuss 
their  pathologic  physiology  within  the  body  of  the  chapter. 

Without  assistance  from  clinicians  and  pathologists  the  prep- 
aration of  the  sections  on  Pathologic  Physiology  would  have  been 
quite  impossible.    The  author  takes  this  opportunity  to  acknowledge 
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his  obligatiops  to  his  colleagues,  designating  the  contribution  of 
each: 

Charles  Louis  Mix,  A.M.,  M.D.,  Professor  of  Physical  Diag- 
nosis, formerly  of  Neurology  and  Clinical  Neurology.  Physiology 
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Gottfried  Koehler,  Ph.G.,  M.D.,  Instructor  in  Clinical  Path- 
ology.   Pathologic  Physiology  of  the  Digestive  System. 

Charles  J.  Kurtz,  A.M.,  M.D.,  Instructor  in  Physiology  (Haeraa- 
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Physiologt  is  an  experimental  and  superstructural  science 
occupying  a  field  quite  as  definite  as  Anatomy,  Chemistry,  and 
PhysicSy  the  three  foundations  on  which  it  is  built.  Though  all 
physiologists  impress  these  facts  in  their  teaching,  no  volume  has 
hitherto  been  based  on  the  advantages  of  presenting  the  subject 
concretely  within  its  own  proper  boundaries,  and  in  its  instructive 
connections  with  the  sciences  whence  it  is  derived. 

In  approaching  Physiology  from  this  standpoint  the  author  has 
summarized  in  the  Introduction  those  principles  of  Physics  and 
Chemistry  which  have  a  general  application,  and  has  prefixed  to 
each  chapter  an  abstract  of  the  facts  drawn  from  all  three  of  the 
basic  sciences  which  are  to  be  applied  in  the  succeeding  text.  This 
method  possesses  the  obvious  teaching  value  of  confining  the  subject- 
matter  of  each  chapter  strictly  to  Physiology  and  presenting  it  in 
logical  relations. 

The  plan  of  the  work  adapts  it  to  the  needs  of  several  classes  of 
readers.  Medical  students  will,  it  is  hoped,  find  a  clearly  defined 
exposition  of  Physiology  proper,  its  relevant  facts  from  Chemistry, 
Physics,  and  Morphology,  and  accompanying  outlines  enabling 
them  to  arrange  their  knowledge  in  an  orderly  and  logical  manner. 
Students  in  literary  or  scientific  institutions  who  are  preparing  for 
the  study  of  medicine  or  of  physiology  as  a  specialty,  will  find  the 
method  of  the  book  equally  adapted  to  their  needs,  inasmuch  as  the 
general  and  special  introductions  review  matter  which  has  been 
the  subject  of  detailed  study  in  the  laboratories  of  Physics,  Chemistry, 
and  Biology,  and  which  forms  the  basis  of  Physiology. 

The  same  reasons  render  the  method  of  the  book  convenient  for 
the  practitioner.  The  style  is  as  brief  and  concise  as  compatible 
with  the  needs  of  students,  and  space  has  thereby  been  gained 
for  the  inclusion  of  clinical  applications  of  physiologic  facts  [and 
principles. 
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Readers  interested  in  physiologic  chemistry  will  find  the  struc- 
tural formulas  and  reactions  of  the  complex  bodies  involved  in 
Physiology  worked  out  in  as  much  detail  as  the  present  status 
of  chemistry  will  allow.  The  newer  literature  of  this  subject  is 
noted  in  references. 

Though  the  volume  embodies  original  work  on  the  part  of  the 
author,  free  use  has  been  made  of  the  great  heritage  of  physiologic 
knowledge  without  which  no  adequate  presentation  of  the  subject 
would  be  possible. 

The  author  wishes  to  express  here  his  obligations  to  Professor 
Piersol  for  the  use  of  many  of  his  excellent  histologic  illustrations; 
to  Professor  E.  B.  Wilson  for*  the  use  of  several  fine  figures  from 
his  work  on  The  Cell  in  Development  and  Inheritance;  and  to 
Professor  Waller  for  several  valuable  engravings  from  his  Text-book 
of  Physiology.  Several  authors  have  contributed  one  or  two  figures 
each.  Many  have  been  taken  from  my  Laboratory  Guide  in  Physiology. 

WiNFiELD  S.  Hall. 

Chicago,  1899. 
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PHYSIOLOGY. 


INTRODUCTION. 

A.  THE  SCOPE  OF  PHYSIOLOGY  AND  THE  PROBLEMS 

WITH  WHICH  IT  DEALS. 

1.    DEFINITI0M8. 

Physiology  treats  of  the  functions  of  different  cells,  tissues,  and 
organs  of  living  organisms.  Living  organisms  ure  divided  into  plant 
and  animal  kingdoms;  so  there  is  Plant  Physiology  and  Animal 
Physiology.  It  has  been  customary  to  subdivide  the  latter  into 
Comparative  Physiology,  treating  of  the  ways  in  which  the  different 
fmictions — digestion,  circulation,  etc. — are  performed  in  the  different 
classes  of  animals,  and  Human  Physiology,  treating  of  the  special 
physioloOT  of  man.  Another  subdivision  of  the  subject  is  into 
General  Physiology,  treating  of  the  general  functions  of  cells  and 
tissues,  and  Special  Physiology,  treating  of  the  special  functions  of 
organs  and  systems  of  organs. 

Defined  in  more  general  terms — Physiology  is  the  science  of  the 
phenomena  of  living  nature.  Reduced  to  its  final  elements,  a  natural 
phenomenon  always  involves  matter  and  energy.  A  general  knowlr 
edge  of  the  properties  of  matter  and  of  energy  is  of  great  importance 
to  him  who  would  study  the  phenomena  of  life. 

2.   MATTER. 

All  things  in  the  universe  which  affect  our  senses  are  called 
matter.  The  three  most  characteristic  general  properties  of  matter 
are  inertia,  gravitation,  and  elasticity.  The  amount  of  matter 
which  a  body  contains  is  often  called  its  mxiss.  The  mass  of  one 
body  may  be  compared  with  that  of  another  by  means  of  a  balance. 
Physicists,  chemists,  and  astronomers  find  it  a  necessity  to  assume 
the  exbtence  of  a  very  tenuous  form  of  matter  which  is  called  ''the 
itker." 
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It  is  supposed  to  fill  all  space  not  actually  occupied  by  ordinary 
matter,  and  to  transmit  the  sun's  heat  and  light  to  us  through  space. 
This  form  of  matter  cannot  be  weighed  in  a  balance. 

Physiology  is  concerned   principally  with  ordinary  matter. 

A  limited  portion  of  ordinary  matter  is  called  a  body.  A  body 
which  is  small  when  compared  with  the  other  quantities  involved 
is  called  a  particle. 

Bodies  the  relative  positions  of  whose  parts  admit  of  no  change 
whatever  are  said  to  be  rigid.  No  perfectly  rigid  bodies  are  known. 
Bodies  which  can  be  altered,  either  in  size  or  shape,  are  called  elastic. 
If  a  body  has  both  elasticity  of  size  and  shape  it  is  said  to  be  solid; 
if,  however,  it  possesses  elasticity  of  size  and  not  of  shape,  it  is  known 
as  a  fluid.  There  are  two  kinds  of  fluids:  (1)  those  which  fill  any 
vessel  however  large,  and  (2)  those  which  when  placed  in  a  large 
vessel  remain  at  the  bottom  of  it  and  only  partly  fill  it,  even  when 
the  pressure  is  removed.  The  former  are  called  gases;  the  latter, 
liquids.    This  classification  may  be  put  into  tabular  form  as  follows: 


Bodies 


Rigid — not  known  in  nature. 

(-Solids. 

Fluids 

i  Liquids. 


Elastic     <  ^  C  erases. 


3.    EMEROT. 

Energy  is  defined  as  capacity  to  do  work,  and  is,  therefore,  meas- 
ured in  the  same  units  as  work.  A  mechanical  system  may  possess 
energy  either  by  virtue  of  the  relative  position  of  its  parts  or  by 
virtue  of  the  relative  speed  of  its  parts.  The  former  is  called  poten^ 
tial  energy;  the  latter  is  called  kinetic  energy.  There  are  many  forms 
of  energy  which  for  convenience  we  put  in  classes  by  themselves. 
Among  these  are  the  energy  due  to  the  temperature  of  a  body,  the 
energy  due  to  the  electric  condition  of  a  body,  the  energy  due  to  the 
chemical  composition  of  a  body,  etc. 

1.  The  Transformation  of  Energy. — ^I'he  various  forms  of  energy 
mentioned  above  are  transformed  with  more  or  less  ease  one  into 
another.  If  one  hold  an  object  in  an  elevated  position,  and  release 
it,  it  falls  to  a  position  of  equilibrium.  The  kinetic  energy  of  the 
mass  disappears  as  such,  but  reappears  as  heat.  The  energy  of 
mass  or  molar  motion  is  thus  transformed  into  the  energy  of  heat. 
The  heat  may  be  so  great  that  the  vibrations  appeal  not  only  to 
our  temperature  sense  as  heat,  but  also  to  our  eyes  as  light.  Still 
another  form,  in  which  energy  may  appear,  is  electric  energy. 

Another  common  form  of  energy,  easily  transformed  into  the 
form  of  heat,  light,  or  electricity,  is  chemical  energy.     By  virtue 
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of  molecular  attraction  every  molecule  of  matter  is  attracted  by 
every  other  molecule  irrespective  of  the  kind  of  matter;  but,  by 
virtue  of  a  peculiar  affinity  between  atoms  of  certain  different  kinds 
of  matter,  these  atoms  are  drawn  into  new  and  most  intimate  contact, 
manifested  by  heat  or  light  or  electricity,  and  resulting  in  a  new 
combination  of  matter,  having  physical  properties  different  from 
those  of  either  constituent.  This  kind  of  energy,  and  its  trans- 
formation forms,  are  of  the  most  fundamental  importance  to  physi- 
ology. 

Matter  may  be  transformed,  but  not  destroyed;  in  the  same  way 
energy  may  be  dissipated,  but  not  destroyed.  This  great  fact  was 
discovered  and  demonstrated  principally  by  Helmholtz  and  Joule, 
and  may  be  looked  upon  as  the  most  important  advance  of  physical 
science  during  the  nineteenth  century.  It  is  called  the  law  of  the  con- 
servation of  energy. 

2.  Law  of  the  Oonservation  of  Energy.— Ganot  expresses  this 
law  as  follows:  "The  total  amount  of  energy  possessed  by  any 
system  of  bodies  {e,  g.,  the  solar  system)  is  unaltered  by  any  trans- 
formations arising  from  the  action  of  one  part  of  the  system  upon 
another,  and  can  only  be  increased  or  diminished  by  effects  pro- 
duced upon  the  system  by  external  agents." 

The  unit  of  mechanical  energy  is  the  erg,  which  is  the  amount 
of  work  done  when  a  force  of  1  dyne  is  exerted  through  a  distance 
of  1  centimetre.  The  unit  of  heat  energy,  called  the  calorie  or 
gram-calorie,  is  that  amount  of  heat  required  to  raise  1  gram  of 
water  1  degree  of  temperature.  If  it  is  required  to  reduce  units 
of  mechanical  energy  to  units  of  heat,  one  has  only  to  remember 
that  experiment  has  proven  that  425.5  grams,  falling  through  a 
distance  of  1  metre,  would  by  impact  generate  enough  heat  to 
raise  the  temperature  of  1  gram  of  water  1°  C.  The  number 
of  ergs  in  a  calorie  (very  approximately  42,000,000)  is  known  as 
the  mechanical  equivalent  of  heat.  The  principles  involved  in  the 
transformation  of  energy,  and  the  conservation  of  energy,  are  fun- 
damental, and  we  shall  presently  see  their  inestimable  importance 
in  any  clear  conception  of  the  phenomena  of  living  nature.  All 
natural  phenomena  involve  matter  and  energy. 


4.    LIVINa  MATTER  vs.  LIFELESS  MATTER. 

Hie  phenomena  of  living  nature  differ  from  those  of  lifeless  nature 
simply  in  the  matter  or  in  the  energy  involved.  We  are  at  once 
brought  face  to  face  with  the  most  difficult  problem  of  Physiology 
— the  abstract  differentiation  between  living  and  lifeless  matter. 

I^et  us  approach  this  subject  by  an  enumeration  of  the  kinds  of 
matter  of  which  living  beings  are  composed.     It  was  formerly  sup- 
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posed  that  an  analysis  of  the  animal  body  would  reveal  chemical 
elements  peculiar  to  living  bodies.  Chemistry  has,  however,  estab- 
lished no  fact  more  thoroughly  than  that  the  animal  or  plant  body 
contains  no  new  kinds  of  matter.  Analysis  shows  the  presence  of 
carbon,  hydrogen,  nitrogen,  oxygen,  sulphur,  phosphorus,  chlorine, 
and  of  sodium,  potassium,  calcium,  magnesium,  iron-occasionaUy 
traces  of  silicon,  manganese,  fluorine,  lithium,  bromine,  and  iodine 
are  found.  These  are  the  most  conunon  elements  in  the  surface  of 
the  earth. 

After  finding  that  linng  nature  differs  in  no  way  from  non-living 
nature  as  to  the  kinds  of  matter  involved,  the  physiologist  turned 
^  to  the  investigation  of  the  kinds  and  forms  of  energy,  expecting  to 
**"  ' '  '^  find  associated  with  life  a  new  energy.  Until  quite  recently,  most 
^  I  physiologists,  since  the  time  of  Johannes  Miiller,  have  believed 
'^  ^  that  the  energy  manifested  in  living  nature  is  identical  with  that 
^*s»^.  ^i>5^*'^f^t^  ^^  non-living  nature,  and,  further,  that  it  obeys  the  same 
^  laws  of  transformation  in  living  as  in  lifeless  bodies.  This  belief 
was  based  upon  observation  in  a  large  number  of  physiological 
phenomena.  For  example,  it  has  been  demonstrated  that  the  heat 
and  mechanical  energy  which  an  animal  may  expend  is  exactly 
equivalent  to  the  potential  energy  represented  by  the  food  which 
the  animal  absorbs. 

There  remain,  however,  many  unsolved  problems  regarding  the 
energy  involved  in  absorption,  secretion,  and  excretion.  The  more 
these  problems  are  studied,  the  clearer  seems  to  be  the  indication 
that  energy  may  undergo,  in  the  animal  or  plant  organism,  a  trans- 
formation not  observed  outside  of  living  organisms.  Along  with 
this  indication  comes  repeated  and  indubitable  proof  that,  what- 
ever transformations  energy  may  undergo  within  the  living  organ- 
ism, the  quantity  of  energy  that  leaves  the  organism,  dissipated  into 
space  as  heat,  is  exactly  equal  to  the  quantity  that  enters  the  organism 
as  potential  energy.  \Vhatever  may  be  said  about  vital  energy,  it  is 
certain  that  it  is  not  to  be  supposed  that  any  new  energy  is  created 
by  living  organisms. 

In  discussing  the  matter  involved  in  living  organisms,  the  elements 
which  occur  in  living  bodies  were  enumerated,  but  the  study  of  the 
combination  of  these  atomic  elements  into  molecules  was  omitted. 
In  lifeless  nature  we  find  as  typical  molecules,  H,0,  CO,,  CaCO,, 
MgCO,,  NaCl,  CaSO,,  KNO„  Fe,0„  PbS,  etc. 

These  typical  compounds,  which  make  up  a  large  proportion  of 
the  earth's  crust,  are  composed  each  of  three  to  six  atoms  of  two 
to  three  kinds  of  matter.  There  are,  however,  in  the  r^alm  of  inor- 
ganic nature,  some  very  large  and  complex  molecules,  e.g.:  crys- 
talline ammonioferric  alum  Fe,(SOJ,(NH,),SO,  +  24H,0.  This 
complex  molecule  contains  104  atoms,  and  has  962  times  the 
weight  of   H.     One  of   the   simplest   molecules  met   among  the 
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products  of  life  is  the  glucose  molecule  (C^jjO^),  whose  24  atoms 
weigh  180  times  as  much  as  an  atom  of  hydrogen.  Egg  albumen 
was  given  by  Hofmeister  the  formula:  Cj^^H^jN^jO^Sj;  its  646 
atoms  weigh  4618  times  as  much  as  hydrogen.  Zinoffsky  deter- 
mined the  formula  for  the  haemoglobin  of  the  horse's  blood  cor- 
puscle to  be:  Cyj^jjj^Njj^FeSjO^.  This  prodigious  molecule  has 
2304  atoms  and  a  molecular  weight  of  16,710.  Here  we  have  struck 
the  key-note  of  the  difference  between  living  and  lifeless  nature. 
In  Us  composition,  living  matter  differs  from  lifeless  mAjtter  not  in  the 
kind  of  material  elements,  but  in  the  complexity  of  the  combinations. 
A  similar  course  of  reasoning,  applied  to  the  energy,  would  result 
in  the  conclusion  that:  The  energy  involved  in  the  phenomena  of 
living  nature  differs  from  the  energy  involved  in  the  phenomena  of 
lifeless  nature  only  in  the  complexity  of  the  transformations. 


5.   LIFE. 

Having  now  determined  the  essential  difference  between  living 
and  lifeless  nature  as  to  the  matter  and  energy,  let  us  investigate 
the  nature  of  life  in  the  abstract.  Compare  a  dead  with  a  living 
organism;  take,  for  example,  a  frog  just  dead.  We  observe  a  cessa- 
tion of  activity — i.  e,,  a  cessation  of  manifest  energy.  The  breathing 
movements  cease,  the  heart  ceases  to  beat,  the  animal  ceases  to  take 
food;  it  becomes  cold;  in  a  few  hours  disintegration  of  the  material 
begins.  How  shall  we  interpret  this  change?  ITie  activities  which 
have  ceased  were  the  activities  which  adjusted  the  animal  to  its 
environment;  built  up  its  tissues  from  its  food;  and  brought  a  con- 
tinuous supply  of  oxygen  to  enter  into  combination  with  the  tissues, 
and  liberate  the  energies  which  were  manifested  in  the  phenomena 
of  life.  With  the  loss  of  life  has  been  lost  the  energy  necessary  to 
adjust  the  internal  needs  of  the  body  to  the  action  of  the  environ- 
ment. Herbert  Spencer  defines  life  as  "  The  continuous  adjustment 
of  internal  relations  to  external  relations,"  A  concrete  idea  of  the 
typical  phenomena  of  life  may  best  be  gained  from  the  observation 
of  a  living  organism. 


6.    A  LIVINO  0R0AKI8M. 

Such  an  organism  begins  its  life  as  a  minute  globule  (cell)  of 
sensitive,  spontaneously  moving  matter  (protoplasm).  The  original 
volume  is  always  increased  (growth)  by  addition  of  matter  from 
within  (intussusception).  Having  attained  a  certain  maximum 
of  volume  (maturity)  the  organism  retains  essentially  the  same 
volume  for  a  time  (adult  life),  and   finally  divides  into  equal   or 
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Mri^jijaJ  pan«  '^nfprciductk#D  .  die  pans  divided  off  beginning  again 
^HK  *:y*^,  fA  lif<^,  reaching,  at  matuntr.  a  farm  alvars  resemUuig  the 
tmr^ii  ^/rffUiiHUi  in  form  and  actiritT.  During  die  miiole  period  of 
iif«r  ilt0rr^  aff^  t^t^rudn  acdrides  whicJi  are  manifestations  of  energr, 
lii^rat^i  within  the  organism  through  a  process  analogous  to  a 
t'jftfihH^im  tit  iiSHiiit  ('respiradon — destmcdve  metabolism),  which 
i\h%i^,  \h  rtta^tfU^TSiUtd  by  the  building  up  in  the  tissue  (oonstnicdve 
niHal^^/li^jfny  r/f  elements  or  compounds  taken  in  as  food,  dissolved 
Mige^ti/zri;,  arui  carried  tr>  the  wasted  tissues  (circulation).  After 
growth  i»»  ojpmpleted,  and  reproduction  consummated,  the  wasting 
of  the  orgariinm  progresses  faster  than  the  regeneration  (period  of 
H*^ni\iiy),  and,  finally,  the  internal  relations  (needs)  fail  to  be 
M/ljii4tif^l  Uf  the  external  relatioas  (conditions  of  environment),  and 
the  organiMm  dies, 

M/'Ki?ridrick  (deneral  Physiology,  p.  31)  gives  the  following 
valuable  re^;apitijlation  of  the  essential  characters  of  a  living  being: 

la)  M/il'^^rtilar  rompl^'xity ;  heterugeneity  of  parts,  and  chemical  instability  of 
t\m  ortfiiiiifT  ('oin|>oiincU  forming  it. 

(h)  VftutU*.,  and  inrx;iMiant  repair  of  organic  materials. 

(r.)  Till*  r!<invf*nfion  of  kinetic  into  potential  energy,  as  the  framework  of  the 
\}*h\s  iM  hiiilt  up,  or  MtorcH  of  reserve  material  are  formed. 

(il)  IJIinnition  of  kinetic  energy  in  various  modes,  and,  in  particular,  as  me- 
fihuniml  inoviiuMMit,  hrat  and  electricity. 

(if)  Organixatiofi,  or  the  a<laptation  of  certain  parts  of  the  body  to  particular 
futMitioHN. 

(/)  A  rc«gular  involution  from  origin  to  death. 

(u)  OriKiti  from  a  parent,  and  the  possibility  of  producing  the  elements  of 
ofTMnring. 

(A)  A  |HtW(*r  of  variability  and  of  adaptation  to  external  conditions. 


l*hyNi<)lof(y  drals  with  the  problem  of  Nutrition;  including 
ilif/t^ntion^  nbnorpiUm,  respiration,  circulation,  constructive  and 
ilt^struoiivr  mHabolism,  secretion,  and  excretion;  with  the  problems 
of  IVIc»'n»HKNKOi<Y  AiTiviTY,  including  the  functions  of  the  motor 
niui  uorvouM,  uiul  systems  of  the  special  senses;  and,  finally,  with 
\\\v  pniltleins  of  HKPUODurnoN. 
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The  first  traces  of  vague  physiologic  conceptions  are  lost  in 
the  impenetrable  darkness  of  prehistoric  times.  These  vague  con- 
ceptions find  expression  in  mythology.  In  mythology  there  is  no 
classification  of  knowledge :  all  knowledge  being  made  to  do  homage 
to  higher  beings  or  deities,  and  this  sum  of  human  knowledge,  as 
it  existed  in  prehistoric  times,  must  be  looked  upon  as  an  indivisible 
whole  from  which,  in  the  lapse  of  centuries,  there  gradually  crystal- 
lized out:  theology,  philosophy,  medicine,  and  natural  science.  In 
this  mythologic  period  life  was  characterized  by  motion.  Wind, 
water,  fire,  stars,  sun,  and  moon  were  personified.  In  historic  times 
the  first  traces  of  a  science  based  upon  observation  was,  curiously 
enough,  metaphysics,  or  psychology. 

The  first  attempt  at  biologic  science  laid  as  the  comer-stone 
of  its  foundation  the  proposition,  "The  human  being  is  dual — ^the 
physical  and  the  psychic — the  body  and  the  soul,"  and  rounded 
its  dome  with  the  theory  of  metempsychosis,  or  wandering  of  the 
soul.  From  India  this  system  of  philosophy  gradually  made  its  way 
through  Egypt  to  Greece,  where  it  was  championed  by  Pythagoras. 

It  is  remarkable  that  many  of  the  philosophers  of  antiquity  pro- 
mulgated theories  which  are  again,  after  a  lapse  of  twenty-five  cen- 
turies, forming  the  foundations  of  modem  science.  This  is  espe- 
cially true  of  the  theories  regarding  the  origin  and  development  of 
living  nature. 

Anaximander  (620  B.C.)  believed  that  man  descended  from  animal- 
like progenitors,  who  originally  lived  in  water.  Heracles  (500  B.C.) 
had  a  conception  of  the  "Struggle  for  Existence."  Empedodes 
(504  B.C.)  believed  that,  in  the  realm  of  living  nature,  plants  origi- 
nated first,  then  lower  animals,  then  higher  animals,  and  finally 
man.  He  believed  that  the  active  factor  in  this  development  was 
the  destruction,  in  their  struggle  for  existence^  of  the  animals  unfa- 
vorably constructed,  while  those  capable  of  survival  propagated  the 
species,  and  transmitted  their  favorable  structures. 

In  the  fifth  century  B.C.  Hippocrates  systematized  medicine  and 
wrote  several  volumes  on  the  practice  of  medicine  and  midwifery. 
Hippocrates  is  looked  upon  as  the  founder  of  the  medical  profession 
— the  "Father  of  Medicine."  His  additions  to  knowledge  were 
unimportant  in  morphology  and  physiology.  His  materia  medica, 
therapy,  and  practice  of  medicine  were  incomparably  superior  to 
what  had  preceded,  and  stood  unimpeached  for  six  centuries. 

In  the  fourth  century  B.C.  Aristotle,  the  great  observer  of  the 
phenomena  of  living  nature,  and  the  great  collector  of  facts,  laid 
the  first  enduring  foundation  for  the  biologic  sciences,  in  conse- 
quence of  which  he  is  called  the  '* Father  of  Biology,** 

In  the  third  century  B.C.  Erasistratus,  of  the  Alexandrian  school, 
was  the  first  to  attempt  a  philosophy  of  physical  life — a  theory  of 
physiology.  .  He  gave  definite  form  to  a  theory  which  had  its  origin 
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among  the  pupils  of  Plato,  and  which  reached  its  highest  develop- 
ment under  Galen  and  his  school.  This  theory  is  called  the  Pneuma 
Theory,  and,  according  to  it,  the  Pneuma  zotikon — life-giving 
spirit,  or  breath  of  life — resided  in  the  heart,  while  the  Pneuma 
[wychikon — the  soul — resided  in  the  brain.  Medical  science  having 
taken  definite  and  authoritative  form  under  Hippocrates  and  physi- 
ology having  been  crystallized  by  the  Pneuma  theory  of  Erasis^tus, 
there  was  a  lapse  of  400  years  before  there  appeared  the  spirit  who 
was  destined  to  dominate  the  medical  profession  for  more  than  thir- 
teen centuries. 

OALEM  (130-200). 

In  the  second  century  a.d.  Galenus,  a  surgeon  in  the  Roman 
anny,  made  systematic  dissections  of  the  bodies  of  apes  and  other 
animals.  Galen  realized  that  medicine  and  surgery  could  not  suc- 
ceed unless  bavsed  upon  an  exact  knowledge  of  the  structure  of  the 
body,  and  upon  a  knowledge  of  the  vital  functions;  and,  to  the  end 
last  named,  he  performed  vivisections  upon  apes  and  pigs,  estab- 
lishing the  functions  of  the  vagus,  or  pneumogastric  nerve,  and 
the  intercostal  nerves,  and  the  effects  of  section  of  the  spinal  cord. 
After  collecting  a  great  mass  of  morphologic  and  physiologic  knowl- 
edge he  founded  a  sifHlem  of  medicine.  His  system  of  physiology 
was  bas<Hl  upon  the  Pneuma  theory,  which,  briefly  expressed,  was: 
l*nenma  psyckikon — the  soul — resided  in  the  brain  and  nerves,  and 
presented  the  psychic  phenomena,  thought,  sensation,  and  voluntary 
motion ;  Pneuma  zotikon — life-giving  spirit,  or  breath  of  life — entered 
the  lM)dy  through  the  lungs,  resided  in  the  heart,  and  expressed 
itself  in  heart-beat,  pulse,  and  bodily  warmth;  while  the  Pneuma 
phynikon  n\sided  in  the  abdomen,  and  is  manifested  in  the  func- 
tions of  nutrition,  growth,  secretion,  and  reproduction.  No  subse- 
(juent  Honian  even  appwached  the  colossal  work  of  Galen;  so  it  is 
easy  to  luulerstand  that,  after  the  fall  of  Rome,  his  was  the  only 
authority  recognized  until  the  new  birth — the  Renaissance — of  art, 
literatun*,  philosophy,  Religion,  and  science,  in  the  fifteenth  and 
sixteenth  centuries.  If,  in  all  those  thirteen  centuries,  any  man 
doubted  the  statements  or  theories  of  Galen,  he  did  not  publish  it, 
for  (inlen*s  authority  was  held  to  be  unimpeachable.  The  first 
reeonled  (H)inl>atant  of  (lalen  was  Paracelsus  (1493  a.d.).  Though 
he  foiuuled  an  untenable  theosophistic  philosophy,  the  simple  fact 
of  his  calling  in  question  Galen *s  theories  set  the  scientific  world 
thinking.  The  feature  of  his  system  was,  Unity  in  Nature;  Nature 
a  niaenHMVsmus,  and  Man  a  niicrocosmus.  Early  in  the  sixteenth 
etMitury  ]'esalius,  Eustachio,  and  FalloppiuSy  through  dissection, 
exteiidtnl  the  knowltnlgt^  of  anatomy;  while  Servetus  disproved 
Galen's  statenient  that  the  blooil  goes  directly  from  the  right  heart 
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to  the  left  heart,  and  Argentieri  contended  that  the  blood  nourished 
the  tissues  of  the  body.  These  advances  prepared  the  way  for  the 
next  great  light  in  the  Renaissance  of  physiologic  science. 


HABVET  (1678-1669). 

This  great  experimenter  and  observer  was  taught  by  his  prede- 
cessors that  the  blood  was  in  motion  within  the  arteries  and  veins, 
and  that  the  heart  movements  were  the  cause  of  this  motion,  but  it 
remained  for  him  to  demonstrate  that  the  arteries  and  veins  were 
connected  by  smaller  vessels  (though,  through  lack  of  a  microscope, 
he  never  saw  them),  and  that  the  blood  circulated  within  a  closed 
system  of  tubes  from  the  left  heart  through  the  arteries  and  capil- 
laries, and  back  through  veins  to  the  right  heart,  thence  to  the  lungs, 
and  completed  the  circuit  by  entering  the  left  heart. 

Next  to  this  great  triumph  stands  that  noble  proposition,  first 
formulated  by  Harvey,  "Omne  vivum  ex  ovo.**  The  history  of  this 
proposition  is  most  interesting.  Twice  it  has  been  refuted,  and 
twice  the  fallacies  of  the  refutation  have  been  demonstrated.  Estab- 
lished at  first  on  an  observation  of  higher  plants  and  animals,  it  was 
combated  by  the  early  microscopists,  who  found,  in  their  nutrient 
infusions,  a  rapid  development  of  infusorian  life  with  no  discover- 
able eggs  or  germs.  A  century  later  Treviranus  proved  the  fallacy 
of  this  "Spontaneous  Generation*'  theory  through  the  discovery  of 
the  real  method  of  reproduction  of  these  organisms;  so  the  theory 
that  "a//  life  is  from  an  egg**  had  stood  its  first  assault.  The  improve- 
ment of  the  microscope,  however,  revealed  the  microbe.  Nutrient 
fluids  were  seen  to  be  soon  swarming  with  life;  the  Spontaneous 
Generation  theory  was  again  revived,  Harvey's  theory  again  com- 
bated; Pasteur  has,  however,  in  recent  times,  with  his  more  exact 
instruments  and  methods,  established,  experimentally  and  conclu- 
sively, the  verity  of  Harvey's  proposition,  *'All  life  is  from  an  egg.'* 

The  microscope  has  been  mentioned.  It  was  in  the  latter  part 
of  the  seventeenth  century  that  Van  Dyke  and  Leeuwenhoek  invented 
the  compound  microscope,  and  Leeuwenhoek,  with  Malpighius  and 
Schwammerdamm,  made  rapid  strides  in  histologic  research.  Up 
to  the  beginning  of  the  eighteenth  century,  physiology  had  not  been 
a  separate  and  independent  science. 


HALLER  (1708-1777). 

It  was  Haller  who,  by  his  power  of  systematizing  and  generalizing, 
collected  the  facts  peculiarly  physiologic,  and  constructed  them 
into  his  renowned  work,  Elements  of  the  Physiology  of  the  Human 


^  FHYHJfjLOQ  T 


41   yhiitA^^yijiit:   'm\-^^:^f6fiia^jr.     He  praaiulje»fced  two  ilmmirA  miiA 

Tlu^/f^  Mdjti  cLur  Thiorff  of  ViUd  Ener^.  Axxsofr&Dg  to  die  first 
th^^/ry  th^  f^/rm  of  tkt  oTfwnitm  exi^Led  in  the  epg^  miid  emityalogit 
44f4!4sU^4/rfU  wu^  tafiif/l V  irureoffc  in  trize:  iddk*,  aecording  Id  ibe  seoood 
tkm/ry,  tit^  Etoar^jy  of  Life  is  peniHar  to  life — t.  r.,  ixit  mnsfanDamhie 
ff'/i/^  \Myw'ui  MSki  cijAtttM^aJ  exkef^«  Had  for  that  reason  called  VUal 
Kti^fify.  'Vhih  i\»^pfy  *A  a  per-ulsar  \ltal  Eoer^gjhas  retaiDed  a  most 
iriui/'M/u^  hM  *m  l^ymA^piry,  and  orJj  throngfa  the  oomfained 
^hU  i4  a  i^aiax/  '/f  ^xytrrim^mierB  in  the  first  thiee-foiirths  of  this 
d'Mf^iury  Utm  Um^  tlM^/ry  t^iat  "the  energr  manifested  in  the  pbe- 
i^rti^nn  ot  lif^  h  iptti^tillar  U}  life''  Ijeen  abandoned.  For  a  time  it 
wiu  Uif\^i\  tliat  all  of  i\itt  p^ienomena  oould  be  accounted  for  in  the 
il»Mal  imuHUmuHium  tonnn  of  energy.  More  exact  and  extended 
riu'jfiii  i*mfi*rimt*tiUiiiou  fnake»  it  evident  that  there  is  a  transforma- 
iUpn  torm  of  t^itt^rny  (xtculiar  to  life.  The  living  organism  is  not 
JM'lii^VA'd  to  Im*  ttl>l<*  Uf  rnakit  energy,  but  simply  to  give  it  a  new  and 
Uhi^mH^rUHl  form  Ufidi^r  certain  circumstances.  It  is  important  to 
MoU'i  in  thiti  connit^ftiori,  that  this  newly  discovered  form  of  energy 
ti\H*ytif  wifli  flu*  othi^r  fornis,  the  law  of  the  conservation  of  energy. 
M  iIm*  immI  of  till*  iM|(ht4*cnth  century  Priestley  and  Lavoisier  dis- 
f'oviMVil  ihfj/i/t^n.  (lirtanner  dtMiionstrated  that  it  is  this  constituent  of 
IIm*  iitiiHm|)li<«r«*  wlii<'li,  in  tlie  lungs,  effects  the  change  between  venous 
hihI  lirlt^niil  hlotxl. 

J0RANN18  MULLER  (1801-1868). 

*rin'  ipiril  which  hisnirtMl  ai\(l  dominated  physiologic  investi- 
i(H(iiih  (hirihf^  the  first   naif  of  this  orntury  was  Johannes  Miiller. 

rhoMgli  hr  lM»h«»vt^l  in  ii  sjMviiil  Vital  Energy,  he  believed  that  it 
folloNMHl  ihiplicitlv  th«»  lawM  of  energy  in  physics  and  chemistry, 
and  set  alnMit.  with  phvsieal  ai\d  ehemieal  metluKis,  to  investigate 
the  phenon\ena  of  living  naturt*.  Johannes  Miiller  was  an  inde- 
fatiu[ahle  \vorktM\  an  aivurate  and  exact  ol>server,  a  broad  and 
phhci^m**  gtM\erali«er,  antl  a  pn>fo\uid  philost^pher.  He  was  master 
of  the  Nxhole  tJeUl  of  Mi>rphologN*  and  Phvsiolog}'  as  it  existed  at 
the  U'^inniu);  of  this  ivutury.  He  foundtxl  the  new  sciences  of 
t\»*Hiv»»\*^MV  /V%Vv**\*/»»*/v  and  Vhusii^oqic  Ps^choloq^^  and  laid  for 
uuslevn  e\|HM'Oueutal  ohvsioUv^v  the  hnmd  and  deep  foundations 
wKu^h  ha\e  suxtaiiuNl  tne  irrt^at  s\i|x*rstniotun^  erei*teil  by  his  pujHls 
,iUs>  x\UNV\\\MN  xltuin^  the  last  half  ivntur}".  S^xmi  after  his  d^th 
m\*Kn»;;\    wan    xhvuUsl    intv^    v*\i'««^\>J    and    r\v*iVu/   physiologr. 

^ho  ph\M\^K>»:iv'  vhou\ists  of  tho  uinettvnth  centuiy  are  WoUer 
AUst  \  w\^,^.  Wnt.  lM;^v^r  AiKi    /«!\si»  Kiihm\  Hopjx^-^eyler,  Ham- 
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The  investigators  in  the  field  of  physical  physiology  are,  first  of 
all,  Ludwig,  Weber,  Du  Bois-Reymond,  and  Briicke;  then  Marey, 
Claude  Bernard,  Helmholtz,  Bering,  Hitzig,'Groltz,  Fick  and  others. 
Inasmuch  as  frequent  reference  must  be  made  to  these  men  during 
the  course  of  our  study,  a  detailed  account  of  each  man  will  not  be 
entered  upon  here. 

The  great  discoveries  of  the  nineteenth  century,  which  have  been 
of  fundamental  importance  to  physiology,  are:  (1)  the  Law  of  the 
Conservation  of  Energy;  (2)  the  discovery  of  the  ceUvlar  structure 
of  animal  organisms;  (3)  the  discovery  of  the  genealogy  of  the 
organic  world — i.  e.,  the  establishment  of  the  Evolution  Theory. 

These  three  great  principles  have  already  been  of  inestimable 
value  to  physiology,  but  their  service  has  only  just  begun. 
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4.  THE  INDIVIDUALIZATION  OF  LIVING  SUBSTANCE. 

B.  THE  PHENOMENA  OF  LIFE. 

I.  NUTRITION. 

a.  Absorption  and  Excretion. 
6.  Metabolism. 

(1)  Chemical  Phases. 

(2)  Physical  Phases. 

2.  motosensory  activities  of  life. 
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6.  Sensibility:  Irritability. 

3.  REPRODUCTION. 


32  GENERAL  PHYSIOLOGY 


A.    UVINO  8X7BSTANCS:  PROTOPLASM. 

1.  THE  PHT8I0AL  PROPERTIES  OF  PROTOPLASM. 

One's  knowledge  of  a  substance  is  gained  through  the  senses. 
The  most  far-reaching  sense — vision — ^is  the  one  usually  appealed 
to  first,  and  one  naturally  determines  first  of  all  whether  the  sub- 
stance is  solid  or  fluid,  whether  it  is  transparent  or  opaque.  Through 
other  senses  one  determines  whether  the  substance  is  heavy  or  light, 
etc. 

Protoplasm  exists  only  in  minute  portions,  so  mixed  with  the 
substances  which  it  has  formed  that  it  is  visible  only  through  the 
aid  of  a  microscope.  That  instrument  reveals  protoplasm  as  a 
viscous  fluid.  The  consistency  is  more  fluid  in  the  active  proto- 
plasm of  a  growing  plant  or  animal  than  in  the  dormant  protoplasm 
of  a  seed.  ^Vhether  protoplasm  is  thin  viscous  or  thick  viscous  in 
consistency  depends  upon  the  amount  of  water  which  it  imbibes. 
Seeds  sometimes  become  very  dry.  ^Vhen  placed  in  the  groimd 
they  cannot  germinate — the  protoplasm  cannot  pass  from  its  dor- 
mant condition  into  an  active  one — until  they  first  absorb  water,  a 
portion  of  which  is  absorbed  by  the  protoplasm  and  a  portion  by 
the  stored  nutriment  of  the  seed. 

In  thin  layers  or  threads  protopldsm  is  gray  and  translucent.  In 
thick  threads  or  globules  immersed  in  water  it  is  shown  to  be  some- 
what  more  strongly  refractive  than  the  water. 

When  a  minute  organism  or  cell,  consisting  of  a  drop  of  proto- 
plasm enclosed  in  a  delicate  membrane,  is  studied  in  distilled  water, 
it  will  be  observed  to  swell  up,  almost  bursting  the  enclosing  mem- 
l)rane,  but  there  is  no  evidence  that  any  of  the  protoplasm  passed 
through  the  membrane.  If  one  immerses  the  organism  in  a  5  per 
cent,  salt  solution  it  will  shrivel,  indicating  that  something  has 
passed  out  of  the  membrane,  but  there  is  no  evidence  that  any  of 
the  protoplasm  has  passed  through  the  membrane.  Protoplasm 
imhibes  water,  but  it  is  not  difjusible. 

Incidental  to  the  observations  just  described  it  would  be  noticed 
that  the  protoplasmic  organism  sinks  to  the  bottom  of  the  distilled 
water,  and  rises  to  the  top  of  the  strong  salt  solution — ^it  is  heavier 
than  distilled  water,  and  it  is  lighter  than  the  salt  solution.  Proto- 
plasm has  a  specific  gravity  greater  than  1.  If  one  were  to  increase 
the  specific  gravity  of  the  surrounding  liquid  until  the  protoplasmic 
body  would  just  float,  neither  rising  nor  falling,  he  would  have  only 
to  determine  the  specific  gravity  of  the  liquid  to  know  that  of  the 
protoplasm.  In  this  way  Jensen,  in  1893,  found  the  specific  gravity 
of  a  Paramecium  to  be  1.25.     Living  organisms  may  change  their 
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specific  gravity  through  the  absorption  and  deposit  of  heavy  mineral 
substances,  such  as  CaCO,  or  SiO^  or  through  the  formation  and 
retention  of  such  substances  as  carbonic  acid  gas  or  fat. 


2.  THE  CHEMICAL  PROPERTIES  OF  PROTOPLASM. 


As  nature's  unaided  vision  reveals  nothing  of  the  physical  prop-  / 
erties  of  protoplasm,  so  does  her  unaided  taste  and  smell  reveal 
nothing  of  the  chemical  properties  of  protoplasm.  We  bring  to  the  \ 
aid  of  these  primitive  chemical  tests  refined  process  of  analysis, 
through  the  aid  of  which  one  gains  a  knowledge  of  the  elements 
which  combine  to  form  protoplasm.  Pure  protoplasm  has  not  been 
analyzed,  because  it  cannot  be  obtained  in  sufficient  quantity. 

There  are  reasons  for  believing  that  pure  protoplasm  does  not 
differ  much  from  albumen  in  composition.  Egg  albiunen  must  con- 
tain all  of  the  elements  found  in  protoplasm,  because  the  protoplasm 
of  the  chick  is  built  up  from  the  albumen  of  the  egg.  Albumen  con- 
sists of  carbon,  hydrogen,  nitrogen,  oxygen,  and  sulphur,  \v\\)i  cer-  / 
tain  mineral  salts,  associated  in  loose  chemical  combination — salts  ' 
which  represent  phosphorus,  chlorine,  sodium,  potassium,  calcium, 
iron,  and  magnesium.  The  analysis  of  the  bodies  of  animal  and 
plant  organisms  reveals  the  universal  presence  in  these  bodies  of  the 
following  elements:  C,  H,  N,  O,  S,  P,  CI,  Na,  K,  Ca,  Mg,  and  Fe. 
Rarely  one  or  more  of  the  following  elements  is  found:  Si,  Li,  Fl,  I, 
Br,  Al,  Mn,  and  As. 

Just  why  living  matter  should  be  constructed  from  the  elements 
named,  rather  than  from  such  elements  as  lithium,  berylium,  boron, 
titanium,  chromium,  zinc,  lead,  etc.,  has  been  the  subject  of  some 
controversy.  Verwom  {AUgemeine  Physiologie,  p.  106)  calls  atten- 
tion to  the  fact  that  the  elements  of  which  living  matter  is  composed 
are  elements  of  light  atomic  weight.  The  following  table  may  throw 
some  light  upon  the  question: 


3 


34 


GENERAL  PHYSIOLOOY 


2   8^ 

• 

CD 

"S  ^  S 

s 

g        • 

GO 

tart 

li 

A 

5 

i 

O 

i?S  s 

o 

^    » 

s 

SS2 

1-^ 

11 

pq 

ii\ 

eq 

< 

fi  2  a 

O 

-   #^ 

H4 

H 

15 

«  i  ! 

C4 

1 

£   M   « 

8"f    • 

GQ 

II       "         . 

O 

5  5   . 

H 

• 

»«"   «  . 

O 

II 

.  II 

» 

s  s  s 

"  "  1 
Z  8  -< 

eq 

O     C 

1 

» 

0) 

3 

00     "S     ^ 

9     lO     >o 

II   n   II 

Q 

11 

P  >  o 

fi 

II 

• 

Si; 

• 

c; 

a 

c 

* 

3 

jl 

P 

99 

4 

o     ■ 

^ 

i-i 

1 

QB 

n 

a"  a 

a 

-^^ 

!l     II 

-< 

o 

< 

O 

9U 

CO 
00 

• 

SB 

a 

S 

« 

IIOWINO  THE  ReLATIO 

0.* 

x" 

1  2 

r  ^ 
c    . 

m" 

1 

Ok              •7 

1     s 

• 

• 

1    ^ 

t  s  g  - 
<i  1 1  * 

1   ^   ^    8 

X 

as 

a    .a 

• 

•< 

m 

S 

s 
s  II 

1    E   S 

n 

a: 
S 

•-    ^             •- 

3»       2       '*      » 

=    1    =    2 
s    a    c 

£  *  ^   c 

• 

c 

O 

C 

1  1  8 
B  S  a 

w         w         ■ 

1  sl5 

1       1       1       i! 

K 

c     " 

^^ 

O    »    w^    K 

THE  PHYSIOLOGY  OF  THE  CELL:  CYTOLOGY  35 

'^The  facts  above  tabulated  justify  one  in  making  two  generali- 
zations: (1)  The  elements  which  enter  into  the  composition  of 
living  substance  are,  in  general,  those  of  lightest  atomic  weight. 
(2)  The  elements  which  enter  into  the  composition  of  living  sub- 
stance are,  without  exception,  abundant  elements  of  wide — prac- 
tically universal — distribution. 

The  chemical  compounds  which  are  found  in  living  matter  may 
be  divided  into  organic  and  inorganic.  The  organic  compounds 
may  be  classified  as  proteins,  fats,  and  carbohydrates.  The  proteins 
are  very  similar  to  living  protoplasm  in  composition.  As  an  example 
of  proteins,  one  may  take  pure  egg  albumen,  whose  formula,  accord- 
ing to  Hofmeister,  is  Cj^^H^j^NgjO^Sj.  All  proteins  contain  C,  H, 
N,  O,  and  either  S  or  P.  The  nucleoproteids  contain  phosphorus. 
Fats  and  carbohydrates^  are  non-nitrogenous  substances.  The 
typical  fat — tripalmitin — has  the  formula  Q^^{C^fiJi)^y  The 
typical  carbohydrate— glucose — has  the  formula  C^HjjO^.  Note  that 
these  compounds  are  both  formed  of  carbon,  hydrogen,  and  oxygen, 
and  that  the  proportion  of  oxygen  in  the  fat  is  very  much  smaller 
than  that  in  the  carbohydrate.  Some  of  the  inorganic  comppunds 
associated  with  living  matter  are:  NaCl,  Na2C03,  Na^HPO^, 
Ca,(POJ„  NaHCO,,  MgCl,,  KHSO,. 


3.  THE  MOBPHOLOOT  OF  LIVIMO  SUBSTANCE. 

a.  The  Structure  of  Protoplasm. 

If  protoplasm  be  studied  under  very  high  powers  of  the  micro- 
scope it  will  present  an  appearance  such  as  shown  by  Biitschli  in 
the  accompanving  figures  (Figs.  1  and  2).  This  appearance  has 
been  differently  interpreted  by  different  observers.  Biitschli  and 
hb  followers  contend  that  protoplasm  is  a  ''foam-like,  alveolar 
stracture,  like  an  emulsion,  in  which  the  firmer  portion  forms  the 
walls  of  separate  chambers  filled  with  the  more  liquid  substance." 
(Wilson.)  Fleming,  Van  Beneden,  Strasburger,  and  others  believe 
''that  the  more  solid  portion  consists  of  coherent  threads  which 
extend  through  the  ground  substance/'  usually  forming  a  fine  mesh- 
work  or  reticulum.  (Wilson.)  Adopting  the  more  generally  accepted 
second  interpretation,  we  have  protoplasm  represented  by  two 
substances:  (1)  the  more  dense  and  refractive  reticulum,  or  spongio- 
pUum,  and  (2)  the  less  dense,  ground  substance,  cytolymph,  or 
hyaloplasm.  Lower  powers  of  the  microscope  reveal  minute  granules 
which  are  shown  by  Biitschli's  figures  to  be  located  in  the  threads  of 
the  reticulum  or  spongioplasni.  Some  of  the  granules  may  be  only 
apparent,  and  represent  the  confluence  of  several  threads  of  spongio- 
plasm;  but  some  are  undoubtedly  actual  granules  of  living  substance. 
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'VhtMc  ^raniileit  aie  called  microsoma,  and  have  been  held  by 
wmie  investif^ton  to  be  the  "elementair  units  of  structure  standing 
Itf-frntxti  the  cell  and  the  ultimate  molecules  of  living  matter." 
fW'ilvm.) 

b.  The  Stractore  of  the  CdL 

[>ivinf(  substance  or  protoplasm  exists  onlj  within  structures 
(sille<l  <*11».  'ITie  early  microscopists  saw  the  little  polyhedral, 
wlliiliMe  cbaml>eRt  of  plants,  and  chose  the  word  cell  as  most  appro- 


X[>]i|urrn>l  cull  »t 


priiitc.  'rill!  canteiits  of  this  little  chaml>er  were  collectively  called 
pr(ito|il(i.siii  l>y  Mohl  (1H4()),  Init  its  importance  was  overiooked. 
S<-luilt'/t',  Kiilliker,  and  others  recognized  finally  that  the  protoplasm 
i.H  t'SMi^ntial,  anil  that  the  cell  wall  is  unessential;  the  amoeba  and 
the  whitt'  blood  ('(>r|)iiscles,  for  exiiiiiple,  having  no  cell  wall.  Schultze 
(IKIi;i)  (Irliricd  the  (-oil  as  "a  simple  globule  of  protoplasm  contain- 
iiij;  II  niK-lcns."  After  the  discovery  of  the  centrosome  by  Van 
Itdicdcn  (1S7fi)  it  beraine  necessary  to  define  the  cell  anew.  In 
IKIHI  Hiiuor  dt>Hne<l  it  as  "a  globule  of  protoplasm  containing  a 
niK'loiiM  HTwl  centrosome."  But  certain  lower  forms  of  life,  as  most 
bactfria,  have  no  niitrleiis  or  centrosome.  In  1895,  Verwom,  of  Jena, 
ilctini'd  till'  <vll  lis  "n  body  consisting  essentially  of  protoplasm  m 
its   gi>ner»l   form,   including  the   unmodified   cytoplasm,   and  the 
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specialized  nucleus  and  centrosome;  while  as  unessential  accompani- 
ments may  be  enumerated:  (1)  the  cell  membrane,  (2)  starch  grains, 
(3)  pigment  granules,  (4)  oil  globules,  and  (5)  chlorophyll  granules." 
Wilson  (1896)  most  clearly  defines  the  typical  cell  diagrammatically 
(Fig.  3).    A  careful  study  of  this  diagram  in  connection  with  Graf's 


the  CentroBoniefl. 


n  I  be  cytoplumlc 


XHlgnm  at  a  cell.    (Afler  Wltaoi 


drawing  of  a  nepbridial  cell  from  a  leech  (Fig.  4)  will  give  the 
reader  a  clear  conception  of  the  present  knowledge  of  the  structure 
of  the  ceil.  The  living  substance  of  the  cell  is  called  protoplasm. 
That  portion  of  the  living  substance  which  is  outside  of  the  nucleus 
is  called  cytoplasm,  while  the  living  matter  of  the  nucleus  is  called 
nudeopUum. 

1.  dytoplasm. — In  most  unicellular  organisms,  and  sometimes 
in  animab  of  higher  rank,  the  cytoplasm  is  differentiated  into  the 
inner  endoplasm  and  a  somewhat  denser  exoplasm.  The  latter 
produces  the  cell  membrane  when  that  is  present,  or  in  its  absence 
takes  its  place.  Cilia  are  outgrowths  from  the  exoplasm.  Wilson 
calls  attention  to  the  fact  that  "  it  appears  to  be  a  general  rule  that 
the  nucleus  is  surrounded  by  protoplasm  of  relatively  slight  Hifferenti- 
ation  (endoplasm),  while  the  more  hif;hly  differentiated  products  of 
cell  activity  are  laid  down  in  the  more  peripheral  region  of  the  cell." 
TTie  fact  that  the  reticulum  -of  the  cytoplasm  has  not  l>een  found  in 
all  cells — especially  certain  plant  cells — leads  some  biologists  to  look 
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are  called  amyloflasts,  those  that  form  chlorophyll  are  called  cfUoro- 
ptosis,  and  those  that  form  pigment  grains  are  called  chromoplasts. 
Enclosed  within  the  cytoplasm,  and  formed  from  it  either  by  the 
plastids,  the  nucleus,  or  otherwise,  are  many  lifeless  products  of 
cell  metabolism — starch  grains,  chlorophyll  grains,  pigment  grains, 
oil  globules,  excretory  granules,  etc.  Some  of  these  represent  reserve 
nutriment  and  some  of  them  waste  matter.  The  vacuole  is  a  globule 
of  food  material  or  of  waste  material  in  solution.  It  is  seen  only 
in  lower  forms  of  plant  and  animal  life. 

2.  The  Nucleus:  Nucleoplasm.— '' A  fragment  of  a  cell  deprived 
of  its  nucleus  may  live  for  a  considerable  time,  and  manifest  the 
power  of  co-ordinated  movement  without  perceptible  impairment. 
Such  a  mass  of  protoplasm  is,  however,  devoid  of  the  powers  of 
assimilation,  growth,  and  repair,  and  sooner  or  later  dies.  In  other 
words,  those  functions  that  involve  destructive  metabolism  may 
continue  for  a  time  in  the  absence  of  the  nucleus;  those  that  involve 
constructive  metabolism  cease  with  its  removal.  The  nucleus  is 
generally  regarded  a  controlling  centre  of  cell  activity,  and  hence  a 
primary  factor  in  growth,  development,  and  the  transmission  of 
specific  qualities  from  cell  to  cell,  and  so  from  one  generation  to 
another. "    (Wilson.) 

(a)  The  Structure  of  the  Mucleiu  is  shown,  in  a  general  way, 
in  the  diagram  of  the  typical  cell  (Fig.  3).  Note,  in  that  figure, 
{a)  the  nuclear  membrane;   (/3)  the  nuclear  reticulum  divided  into 

(I)  the  chromatin  reticiduvi,  and  (2)  the  linin  reticulum;  (y)  the 
nucleoli  represented  by  (i)  the  true  nucleolus  or  phsmosome,  and 

(II)  the  net-knots  or  karyosomes;  (8)  the  nuclear  sap  or  karyolymph 
which  fills  the  meshes  of  the  network. 

(6)  The  Ghemistiy  of  the  Nucleoplasm  may  be  briefly  sum- 
marized :  (a)  ChromxUin  is  the  substance  which  forms  the  chromatin 
reticulum  and  the  karyosomes.  (j9)  Linin  is  the  substance  which 
forms  the  linin  or  achromatic  network,  {y)  Paralinin  forms  the 
karyolymph  or  nuclear  sap.  (S)  Pyrenin  fonns  the  plasmosonies. 
(e)  Amphipyrenin  forms  the  substance  of  the  nuclear  membrane. 
It  is  probably  identical  with  linin.    (Wilson.) 

3.  The  Gentrosome. — This  body  is  now  generally  regarded  as 
the  especial  organ  of  cell  division  and  in  this  sense  as  the  dynamic 
centre  of  the  cell.  The  centrosome  was  discovered  and  described 
by  Van  Beneden  (1876-1883),  and  named  by  Boveri  (1888).  The 
structure  of  the  resting  centrosome  is  sufficiently  shown  in  the 
diagram  of  the  cell.  It  is  shown  there  lying  in  the  cytoplasm  beside 
the  nucleus — ^its  typical  position — though  it  may  lie  within  the 
nuclear  membrane.  The  function  of  the  centrosome  is  so  prominent 
a  part  of  the  process  of  cell  division  that  it  will  be  described  under 
reproduction  of  the  cell. 
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viduals  leading  a  separate  existence;  while  the  ovum  is  a  single  cell 
capable  of  producing  an  individual  capable  of  self-maintenance, 
and  the  leukocyte  is  virtually  and  potentially  an  individual,  but  it 
has  merged  its  individuality  in  that  of  the  great  organism  of  which 
it  is  a  part.  Thus  we  may  find  two  series  of  examples,  one  repre- 
senting actual  and  one  virtual  individuals.  The  latter,  in  turn, 
may  be  subdivided  into  a  series  representing  individual  develop- 
ment (ontogenic  series)  and  one  representing  stages  of  tissue  devel- 
opment. 

Colonies  of  cells,  similar  as  to  form  and  function,  constitute 
individuals  of  the  Bacond  order.  Ex.:  Frotospongia,  Gudorina, 
Morula  or  Blastula  stage  of  development,  cartilage.  In  the  animal 
kingdom  Frotospongia  Haeckelii  (fig.  5),  and  in  the  plant  kingdom. 


fsdoriiu  dcifmUi 


Kuilorina  elegans  (Fig.  6),  fumbh  us  examples  of  colonizaium  and 
combinaiion  for  mvtual  kelp  and  prolectiim.  This  marks  a  long 
step  in  the  advance  of  living  organbms,  but  all  of  the  cells  are  prac- 
tirally  alike  in  form  and  function. 

A  unified  mass  of  living  substance,  composed  of  two  or  more 
colonies  of  similar  celb — two  or  more  tissues — forms  an  individual 
of  the  third  order.  Ex.:  Hydra  (Fig.  7),  the  Thallophytes  among 
plants,  Gastmla  stage  of  embn'onic  development,  any  organ,  as  the 
stomach.  Tliis  marks  another  long  step  in  organic  evolution — 
ipecialixaiion  of  ttructure  and  function. 

Individuals  of  the  tovith  ordu  are  compased  of  organs,  tissues, 
and  celb  arranged  in  systems,  such  as  the  digestive  s\-stem.  Ex. : 
Man,  Tree.     Men  and  other  animab  organize  Colonies  or  States 
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which  represent  individuals  of  the  fifth  order.    The  following  table 
gives  a  general  view  of  the  individualization  of  living  substance: 


Order. 

r      I. 

1 

Actnal  IndiyidoalB 
1          Animals. 

Amceba. 

Paramecium. 

VorticelU. 

,  Taxonomlc  Series. 

Virtual  IndlTldaalL 

Plants. 

Desmid. 
Diatom. 
Protococcus. 
Saccharomyces. 

Ontogenic  Series. 
Orum. 

Histologic  Series. 

i 

en 

C 

Cell:  Leukocyte. 

II. 

Pix>tospongia. 

Endorina. 
Osdllaria. 
Spirogyra. 

Morula. 
Blaatula. 

II 

III. 

,  Hydra. 
Jelly-flsh. 

Mushroom. 
Sea-weeds. 

Gastrula. 

1 

2 

> 

IV. 

Worm. 
Dog. 
>  Man. 

Moss. 
Fern. 
Tree. 

Foetus. 

Child. 

Man. 

of^  ]t^' 

1 

i        v. 

; 

1 

Colony. 
State. 

Colony. 
Forest. 

Colony. 
State. 

B.  THE  PHENOMENA  OF  LIFE. 


1.    MUTBITIOM. 

'^rhe  general  tenn  nutrition  includes  all  those  activities  of  the 
organism  directed  towanl  the  procuring  of  food,  digestion,  absorption, 
the  chemical  changes  within  the  tissues  (metabolism),  respiration, 
and  excretion, 

a.  Absorption  and  Excretion. 

1.  Absorption  and  Excretion  of   Gaseous  Material.— Every 

living  organism  ceases  to  live  when  deprived  of  oxygen.  Oxygen 
exists  in  a  gaseous  fonn  as  a  constituent  of  the  atmosphere  (21 
per  cent.);  and  it  is  dissolved  in  water,  so  that  it  is  accessible  to 
terrestrial  and  acpiatic  plants  and  animals.  For  multicellular 
organisms  the  law  may  be  stated  thus:  Every  active  cell  of  every 
living  organism  recjuires  oxygen  for  the  maintenance  of  activity. 
In  the  whole  organic  kingdom  the  ahsoq)tion  of  oxygen — ^respiration 
— is  associated  with  the  excretion  of  carbon  dioxide  and  water, 
and  with  the  production  of  heat.  How  are  we  to  interpret  these 
general  facts?  It  was  formerly  believed  that  oxygen  directly  oxidized 
the  living  matter  in  the  same  way  that  it  directly  oxidizes  the  carbon 
and  hydrogen  of  a  candle,  this  process  resulting,  in  both  cases,  in 
the  formation  of  carbon  dioxide  and  water  and  the  production  of 
heat.  Pfliiger,  of  Bonn,  found  by  ex|>erinient  that  frogs  can  live 
several  hours  in  an  atmosphere  of  nitrogen,  and  continue  to  produce 
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aifoon  dioxide.  From  this  and  other  experiments  Pfliiger  concluded 
bat  "The  first  impulses  to  the  chemical  processes  of  respiration  are 
lot  given  by  the  oxygen  which  enters  from  without;  but  that  primarily 
,  decomposition  of  molecules  takes  place  within  the  protoplasm, 
esulting  in  the  liberation  of  carbon  dioxide,  and  that  hence  the 
Qcoming  oxygen  effects  a  simple  restitution  of  the  integrity  of  the 
lew  molecules  which  are  formed."  This  gradual  breaking  up  of 
he  highly  campUx  protoplasm  irUo  simpler  bodies  which  comlnne 
vith  oxygen,  liberating  the  energies  for  the  life  processes,  is  called 
^uiabolism  or  destructive  metabolism. 

The  reverse  process— anofco/wm  or  cmudrvctive  metabolism— is  one 
»f  the  most  interesting  and  important  processes  in  the  realm  of 
lature.  Every  green  plant  absorl)s,  as  food,  carbon  dioxide  and 
uaier;  these  are  taken  into  the  protoplasm,  and,  under  the  influence 
»f  the  green  plant  coloring  matter — chlorophyll — and  of  the  sun- 
ight  the  carbon  dioxide  and  water  are  combined  to  form  dextrose 
C^HjjO^).  After  dextrose  is  once  formed,  the  protoplasm  of  the 
ells  is  able  to  use  it  in  the  building  of  protoplasm. 

In  recapitulation  we  may  say,  then:  (1)  All  living  ceUs  absorb 
ree  oxygen  in  their  respiratory  process,  (2)  All  living  cells  excrete 
arbon  dioxide  in  their  respiratory  process,  (3)  All  green  plant  cells 
ibsorb  carbon  dioxide  as  food,  (4)  All  green  plant  cells  excrete  oxygen 
IS  a  waste  product  in  their  nviritive  process, 

2.  The  Absorption  and  Excretion  of  Liquid  Substances.— Most 
>f  the  water  used  in  the  plant  economy  is  absorbed  in  the  fluid 
itate.  Much  water  leaves  the  bodies  of  both  plants  and  animals 
n  the  form  of  gas  or  vapor,  but  a  large  part  of  this  is  not  the  product 
)f  excretion,  it  is  the  product  of  evaporation.  All  of  the  water  used  in 
be  animal  economy  is  absorbed  in  the  fluid  state.  Moreover,  all 
norganic  matter  is  absorbed  into  cells  in  the  form  of  solution  in 
^ater.  With  few  exceptions  it  is  also  true  that  the  food  of  most 
inimals,  though  received  into  the  alimentary  canal  in  the  solid 
jtate,  is  changed  to  the  fluid  state — by  solution  in  water — before 
t  b  absorbed  by  the  cells  which  line  the  alimentary  canal.  A  most 
nteresting  problem  presents  itself  at  this  point — the  selective  powers 
1/  living  cdls.  Living  side  by  side  in  the  sea  are  one-celled  animals 
—some  species  bearing  silicious  shells,  while  other  species  bear 
»lcareous  shells.  The  first  species  has  se]ecte<l  the  silica  from 
'he  sea-water,  while  the  second  has  selected  the  calcium  carbonate. 
Growing  side  by  side  in  the  shallow  sea-water  may  be  several  species 
>f  the  seaweed — Fucus — but  each  species  will  have  selected  different 
t>ut  constant  proportions  of  the  mineral  matter  dissolved  in  the 
tea-water.  The  following  table  from  Pfeffer,  cited  by  O.  Hertwig, 
illustrates  the  point  in  question: 
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Li  C!e  bciiies  of  'ligni^r  Anrmal't  eatrk  cell  b  bttdied  in  blood,  or 
lympa.  cnmaizifnjr  ixxanj  f*»i  naasraiJs  in  iofooDiL:  bat  die  bone 
ceHa  jeicct  die  rkO'\  iaii  Cj^  P*?^  ^  w*sfle  che  mnade  crib  sded, 
from  Tt^  nnvrjKiz  inki,  prooKiis  vidi  ^v^riouff  afe:  lad  so  on, eveij 
<%{I  <^<H*rfng  che  zueciieii  food,  ami  rejiectmir  wliat  b  noc  necdecL 

Z,  Tke  llliw|itkw  of  Sofid  Itwiw  Can  Eving  celb  absorb 
azvi  appropriate  as  fooii  jo&i  boiss?  This  can  onlr  be  aiccom- 
pti:«h/^  hj  ceCs  tievobi  of  a  ceu  membrane,  or  celb  haTmg  boks 
m  th^  nL^tnbrane.  A§  nif^et  celb  are  endoeed  in  a  membraLiie  h  is 
clear  that  the  abe!4jrpdf3fi  of  5oiiii  btiifis  b  Siniied  to  naked  animal 
ceCb — i. «..  to  the  Rhizopciia  and  rOisita  among  kiver  animab,  and 
to  lerikocyte^,  aad  possibly  ciliateii  ephhefium.  among  higher  animab. 
AxTion^  the  hizber  anrnTAk  the  powier  to  abeorb  solid  pardcks  seems 
fij  be  poases^^ei^l  bv  leTikocrces  aloce:  and  rhb  power  b  of  great  impor- 
tance, both  in  health  and  in  dbea^e. 


The  term  m^tahAijm  is  usxA  to  desi^iniate  the  cfaemical  changes 
fo  which  matter  is  subjected  under  the  influence  of  Bfc.  When 
thie  chemical  change  combines  simpler  into  more  complex  sub- 
stance^, the  term  artaMi.rm,  or  •.•on,rfn*ftuv  metaboHfm^  b  used; 
while  for  the  reverse  process  kataMi^fm,  or  destructive  mWoMum, 
U  avd. 

L  Chemieal  Phases.— It  has  already  been  stated  that  under 
the  inflrjence  of  chlorriphyll  and  sunlijhi  the  plant  cefl  b  able  to 
f'^tn^,  a  combination  of  carl^>on  dioxiiJe  and  water  to  form  dextrose, 
and  fh;*t  *h^  cfll  pr^itoplasm  has  the  power  to  use  the  dextrose  and 
^^rrtAJn  r^it^ff^fr\f>u!^  substances  in  the  buibiini:  up  ot  protc^Iasm. 
fiirthcnnor*-,  fh rough  successive  combinations  with  oxygen  the 
(*fotopU^,rr»  w,  nt^p  by  step,  reiiuced  to  simpler  compounds,  until  it 
U  fin;illy  ^y.^^WcA  from  the  org:anism  in  the  form  of  carbon  dioxide 
an/l  A/HfJT.  Thi-i  i^,  in  fact,  about  all  that  is  known  with  absolute 
fffifi'iufv.  It  w'Aji  forrnerlv  l^^lieved  that  the  combination  of  carbon 
fUf»xif\f  hT\f\  %htfT  '^as  direct,  and  as  follows:  6CO,+6H,0= 
^  ,n,/%  0^)^;  buf  if  i,i  now  Wieved  that  the  combination  b  indirect, 
and  :om<whaf  ;n  foljovv-i:  rf>^-  fl.O^  0,-0  H,0  (Formic  Aldehvde) 
an/l  r,(:U^()     ^\\IJ\  ''Oextrosej! 


THE  PHYSIOLOGY  OF  THE  CELL:  CYTOLOGY  45 

It  has  been  convenient  to  describe  the  two  extreme  steps  of  the 
process  of  metabolism,  first  the  combination  of  the  inorganic  elements 
of  our  environment — CO,  and  H,0 — within  a  green  plant  cell,  under 
the  influence  of  the  energy  of  the  sunhght,  to  form  dextrose,  and 
finally  the  katabolism,  or  destructive  metabolism,  of  the  animal  cell 
into  the  same  inorganic  elements.  Between  these  two  extremes  are 
many  intermediate  steps. 

In  the  plant  kingdom  the  steps  are  ascending  ones.  The  proto- 
plasm of  the  plant  cell  is  able  to  make  a  long  list  of  carbohydrates, 
then  of  fats  and  oils,  then  of  proteins,  and,  finally,  to  replenish  its 
own  substance,  or  to  make  protoplasm.  The  slight  activities  of  the 
plant  require  katabolism  of  living  substance  for  the  liberation  of 
the  needed  energy,  but,  on  the  whole,  anabolism,  or  constructive 
metabolism,  predominates,  and  the  plant  kingdom  bequeaths  to  the 
animal  kingdom  a  rich  legacy  of  starch,  cellulose,  sugar,  oils,  and 
proteins. 

Animals,  on  the  other  hand,  are  unable  to  appropriate  either  the 
free  inorganic  elements  or  the  free  sun  energy  of  their  environment; 

Fig.  8 
Plants.  ProtopioBm  Antmals, 

Heat  i»  made  ^^      ^^  ^*^  *• 

^oUmL  jfy<yfroUid»      >^<:^  liberated. 


DUcnun  iUostrating  the  reUtlon  of  plants  and  animals  to  anabolism  and  katabolism. 

they  depend  directly  or  indirectly  upon  plants  or  plant  products. 
The  active  life  of  animals  involves  the  dissipation  of  much  energy. 
This  energy  is  liberated  by  the  katabolism  of  body  substance.  Thus, 
in  the  animal  kingdom,  katabolbm,  or  destructive  metabolism, 
predominates. 

Fig.  8  illustrates  the  relation  of  anabolism  and  katabolism — of 
constructive  and  destructive  metabolism  in  the  plant  and  animal 
kingdoms. 

In  the  successive  metabolic  changes  ferments  play  a  very  important 
part.  A  ferment  is  a  protein  body  capable  of  causing  a  chemical 
change  without  itself  being  consumed  or  essentially  altered.  It  is 
clear  from  this  definition  that  a  very  small  amount  of  ferment  is 
able  to  accomplbh  a  very  large  amount  of  work.  Examples:  Sac- 
charomyces,  Diastase,  Ptyalin,  Pepsin,  etc. 
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2.  Phyiieal  Phases. — Incidental  reference  hss  siresdv  been  made 
Uf  the  li^jeration  of  energy  and  to  the  making  latent  ci  energy.  As 
HtAtefl  in  the  introduction,  the  law  <rf  the  conservation  of  energy 
applies  U}  animal  bodies  as  it  does  to  a  steam  engine. 

(a)  Ths  Osll's  iovres  of  Eneigj.  (a)  Chemical  Exergt. — Tke 
amdnruUion  of  atoms  into  moUcuUs  leads  to  a  liberation  of  energy 
while  the  separatum  of  a  molecule  into  its  atomic  elements  requires 
energy,  ¥or  example,  the  combination  of  hydrogen  and  oxygen 
intri  water  liberates  heat,  while  the  dectnnposition  of  water  into 
its  constituents  rec|uires  the  expenditure  of  energy.  But  in  the 
usual  chemical  reaction  there  is  both  a  separation  and  a  combination 
of  the  atoms. 

lliis  leads  to  the  formulation  of  the  following  law:  If  in  a  chemical 
reaction  stronger  affinities  are  satisfied  than  broken^  energy  unll  be 
liberated;  if,  on  the  other  hand,  stronger  affinities  are  broken  than 
satisfied,  energy  vrUl  be  required  to  bring  about  the  reaction. 

Examples: 

(\)  Xylose,  C.H,,0,+60,=  CO,+5H,0+Energy. 

Expressed  verbally:  Wood  oxidize<{  produces  carbon  dioxide  and 
water  and  liberates  the  energy  which  was  latent  in  the  wood. 

(u)  OCX)  f  611,0 + Energy = C.Hj,0.+ 60,. 

F'xf)ressed  verbally:  Carbon  dioxide  and  water  are  combined 
under  the  influence  of  the  energy  of  sunlight  to  form  dextrose,  which 
is  a  complex  molecule  representing  latent  energy.  Oxygen  is  released 
in  the  process. 
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prolUT'N  (llnffmm  rIiowIiir  tho  relation  of  ligbt  to  aaslmilation  in  chloropbyll-bearlng  plants. 


Potential  oheinical  energy  is  the  common  source  from  which 
Mpring  all  the  other  forms  of  energy  involved  in  the  phenomena 
of  life. 

{^i)  IIkat  and  Lujmt  ExKRCtV. — The  source  of  thb  form  of 
t»ner^y  for  the  realm  of  living  nature  is  sunlight,  and,  as  previously 
stated,  it  makes  its  entninee  into  this  realm  thnnigh  the  chlorophyll- 
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bearing  plant  cell.  Moreover,  not  all  of  the  energy  of  sunlight  is 
thus  utilized;  the  cell  selects  energy  as  it  does  matter.  Pfeffer's 
observations  may  be  graphically  presented  in  the  accompanying 
figure.  (See  Fig.  9.)  As  to  the  action  of  the  warmth  of  the  sun's 
rays  upon  animal  metabolism,  it  is  rather  indirect  than  direct,  as 
it  simply  economizes  animal  heat  and  so  decreases  katabolism  or 
destructive  metabolism.  The  same  may  be  said  of  such  artificial 
measures  as  shelter,  clothing,  and  heating — they  all  economize 
animal  heat,  thus  decreasing  katabolism. 

(6)  The  Oell's  Manifested  Energy. — ^This  appears  in  the  form  of 
cell  motion,  of  heat,  and  in  certain  organisms  in  the  form  of  light 
or  of  electricity. 


2.  M0T08EN80RT  A0TIVITIE8  OF  LIFE. 

f* 

Recall  Spencer's  definition  of  Life:  ''Life  is  the  continuous 
adjustment  of  internal  relations  to  external  relations."  The  same 
idea  may  be  stated  in  slightly  different  terms :  Life  in  an  organism, 
is  a  correlation  of  energies,  manifested  by  a  continuous  adjustment 
of  its  interned  activities  to  its  environment. 

All  the  activities  of  an  individual  may  be  divided  into  two  classes : 
(i)  Egoistic  Activities — which  contribute  to  self-preservation;  Egoism; 
Individualism,  (ii)  Phyletie  Activities — which  contribute  to  the 
preservation  of  the  race;  Phyleticism;  Altruism.  In  the  first  case 
we  find  the  organism  in  a  stniggle  for  life — life  of  self;  in  the  second 
case  we  see  the  organism  sacrificing  self  for  the  preservation  of  the 
species.  Applied  more  specifically  to  physiology,  the  first  class  of 
activities  are  those  which  contribute  to  the  procuring  of  mdriment, 
to  self-defence  against  danger,  and,  in  higher  animab,  to  the  pursuit 
of  pleasure;  while  the  second  class  is  represented  by  reproduction, 
protection  of  offspring,  etc.,  and  in  higher  animab  philanthropy. 

Self-defence  as  well  as  the  procuring  of  food  usually  involves 
motion — ^frequently  also  locomotion — on  the  part  of  the  organism. 
Motion  is  always  in  response  to  a  stimulus;  but  response  to  a  stimulus 
involves  irritability.  It  must  be  evident,  then,  that  the  activities  of 
the  motosensory  organs  and  tissues  are  interdependent  and  that  they 
must  follow  a  particular  sequence. 

a.  Motion:  Contractility. 

For  the  most  part  the  motion  of  living  organisms  is  due  to  their 
possession  of  the  property  of  contractility,  but  there  are  among  the 
plants  various  other  methods  of  moving  the  parts  of  the  individual, 
or  even  of  moving  the  whole  individual  (locomotion),  than  through 
contractility  of  living  substance.     It  would  seem  as  if  nature  had 
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tried  various  experiments  and  had  finally  in  the  higher  animals 
specialized  the  property  of  contractility  as  the  most  efficient  method 
of  producing  motion. 

1.  Motion  without  Contractility,  (a)  Motion  through  Swelliiiff 
of  the  Cell  Wall. — ^The  spores  of  the  common  horse-tail  rush,  Eqmr 
setum,  are  provided  with  four  little  ceUulose  appendages  (elaters) 
which  wrap  tightly  around  the  body  of  the  spore  when  moist  and 
extend  when  dry.  The  alternation  of  these  two  conditions,  accom- 
panied by  an  alternation  of  flexion  and  extension,  causes  the  spore 
to  move  slowly  over  the  surface  of  the  soil,  to  some  distance  from 
the  parent  plant. 

(b)  Motion  through  Ohange  of  Oell  Turgor. — ^The  closing  of  leaves 
at  night  and  their  opening  in  the  sunlight  is  a  phenomenon  known 
to  every  school  child.  How  do  the  leaflets  of  the  clover,  oxalis,  or 
sensitive  plant  close  together?  In  the  axil  of  every  leaf  is  a  motile 
organ  composed  of  thick-walled  parenchyma  cells  between  the  fibro- 
vascular  bundle  and  the  epidermis  below,  while  the  fibrovascular 
bundle,  though  flexible,  is  not  extensible.  The  tissues  above  the 
fibrovascular  bundle  are  very  scantily  represented.  When  the 
parenchyma  celb  above  mentioned  become  turgid  with  water  the 
leaf -stalk  is  erected;  if  the  water  is  suddenly  allowed  to  escape  from 
the  cells  the  leaf  falls  to  the  nocturnal  or  sleeping  position  by  its 
own  weight.  When  the  proper  stimulus  comes,  the  protoplasm 
imbibes  water  again  and  the  leaf  is  erected. 

(c)  Motion  through  Ohange  of  Specific  Gravity. — Certain  marine 
animals  of  low  rank  (Radiolaria,  Siphonophora)  utilize  their  own 
excretions  to  buoy  them  up.  By  retaining  their  carbon  dioxide  it 
so  decreases  their  specific  gravity  that  they  rise  to  the  top  of  the 
water.  On  the  other  hand,  by  giving  off  the  carbon  dioxide^  or 
by  deposit  of  calcium  salts  or  of  silica  within  their  tissues  they  again 
sink. 

(d)  Motion  through  Secretion. — The  movements  of  desmids  and 
diatoms  were,  for  a  long  time,  a  subject  of  study.  It  finally  became 
apparent  that  the  minute  organism  was  leaving  behind  it  a  little 
trail  of  secreted  mucus,  which  served  the  double  purpose  of  anchoring 
it  to  its  place  and  of  pushing  it  along. 

(e)  Motion  through  Growth-tension. — The  seed  pod  of  the  Touch- 
me-not  grows  in  such  a  way  that  the  opposite  segments  exert  a 
nicely  balanced  tension  against  each  other.  If  the  ripe  pod  be 
gently  pressed  the  eciuilibrium  is  destroyed  and  the  pod  flies  to 
pieces,  throwing  the  seeds  out. 

2.  Motion  through  Contractility,  (a)  Amceboid  Motion. — ^The 
amoeba  when  in  a  state  of  rest  is  spherical,  and  presents  to  the 
medium  in  which  it  floats  the  minimum  surface.  Its  motion  consists 
in  the  pushing  out  of  a  portion  of  its  periphery.  (See  Fig.  10.)  This 
act  increases  the  surface  exposed  to  the  medium  and  thus  increases 
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•pportunity  for  the  exchange  of  oxygen  and  carbon  dioxide. 
(O  increases  the  opportunity  to  get  food.  The  hungry  gmceba 
»ays  active.  The  extensions  of  its  protoplasm — its  pseudo- 
i — may  be  numerous,  and  they  vary  from  minute  to  minute, 
form  of  motion  is  observed  also  in  the  white  blood  coTpuscleSi 
ukocytes. 

OUiaij  Motion. — Many  cells  are  provided  with  fine  proto- 
aic  extensions,  which  are  permanent  and  may  cover  the  whole 
ce  of  the  cell,  or  a  limited  surface,  and  may  be  numerous  or 

Id  active  celb  the  cilia  are  in  a  state  of  constant  motion,  which 
sts  in  a  quick  whip-like  motion  in  one  direction,  followed  by 
w  return.  All  of  the  cilia  on  the  end  of  a  ciliated  cell  of  the 
in  respiratory  tract  (Fig.  10,  B  a)  move  in  the  same  direction 


same  time.  Furthermore,  all  of  the  cilia  of  all  the  cells  in  any 
act  in  unison,  producing  an  undulatory  motion  ninning  over 
ole  surface.  The  result  of  such  a  movement  of  the  cilia  is 
y  over  the  surface  any  small  particles  or  accumulation  of 
ns.  Cilia  are  capable  of  a  prodigious  amount  of  work, 
ated  epithelium  of  a  frog's  oesophagus  will  carry  a  100-mgm. 
ght  up  a  60-degree  incline  when  the  lead  presents  as  much 
uare  millimetres. 

trm  of  ciliary  motion  is  that  presente<l  by  the  spermatozoa 
Bb).  Here  the  one  cilium,  or  flagelluni,  possesses  a  scull- 
>n,  which  propels  the  spermatozoon  through  liquids  or  over 
faces, 

cnlar  Kotion,  or  Uotloa  by  fibrlUaiy  OoutrtetUlty. — A  third 
otion  b  that  through  contraction  of  fibrillo:.  Contractile 
■ar  very  low  in  the  animal  scale.  The  Stenior,  a  ciliated 
possesses  numerous  fine  fibrillje  in  the  exoplasm  of  the 
igh  the  contraction  of  these  hbrilla;  the  body  may  retract 
ttle  foot  until  it  a,s,sunics  a  nearly  spherical  form.  The 
ed  Vorticella  has  a  long,  slim  pedicle  to  its  bell-shaped 
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body.    The  stalk  has  the  property  of  retracting  into  a  closely  coiled 
spiral,  a  striking  view  under  the  microscope.    Fig.  U,  c,  d,  e,  shows 


IllastntiDt  flbrlllaTT  coDlneUUtr :  a,  ilentor  open  :  b,  ttrtOat  o 
>Dd  (d)  coDtraclcd,  wllb  \t\  mcUod  of  pedicle  or  nma  ;  /  and  a,  ni 
tenia.  Note  Uiat  tbe  aucluled  bodf  of  then  celle  poaKSMS  t.  aenslllTg,  lutlla  tl«gellDn(i) 
ftDd>comncUlefltirl]lk(n).  The  wcond  one  oT  theae  cella  tf)  I*  fapecUllj  iDtenaliiv  bMuaa 
[ha  Ihreul  of  protoplum  between  Ibe  bodr  of  tbe  cell  uid  the  motor  fltirllU  la  Ute  fonctliiDal 
equlTslenl  of  A  motor  or  efferent  DCTve. 

the  mechanism  which  produces  this  remarkable  effect.    There  is  a 
single  contractile  fibril  passing  spirally  down  the  inside  of  the  sheath 


of  the  pedicle.     Contraction  of  this   fibril   tends  to  straighten  it, 
throwing  the  pedicle  into  a  spiral.     Next  in  the  prc^ressive  series 
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eiiromuscular  cell  of   the  medusa  may  be  named.     (See  Fig. 

9-)        .         .       . 
Lsculat*  tissue  is  fairly  well  developed  in  Vermes,  and  very 

^  developed  in  the  higher  Arthropoida,  especially  the  Insecta. 

.2,  a,  b,  c,  shows  some  forms  of  muscle  fibres  or  celb  from  verte- 

animals.  Fig.  12,  d,  shows  a  portion  of  a  fibrilla  from  a 
le  fibre  of  an  insect's  wing.  For  a  further  description  of  the 
le  tissue  of  the  higher  animab  see  the  anatomical  introduction 
e  next  chapter. 

iscle  tissue  is  sensitive  to  various  stimuli  applied  either  directly 
e  muscle  or  indirectly  to  the  nerve  which  supplies  the  muscle. 
1  stimulated,  the  muscle  responds  by  making  a  contraction 
1  consists  in  a  decrease  in  length  with  increase  of  the  thickness, 
'olume  remaining  the  same.     Other  important  changes  take 

in  a  muscle  cell  incident  to  its  contraction — ^viz.,  the  chemical 
^  which  liberate  the  mechanical  energy  of  motion,  and  a 
n  amount  of  heat  energy.  These  changes  will  be  discussed  at 
\i  in  the  chapter  on  the  Physiology  of  Contractile  and  Irritable 
les. 

h.  Sensibility:  Irritability. 

e  most  noticeable  fact  observable  in  the  Vorticella  is  its  motion, 
observing  this  motion  for  a  time,  one  asks,  Why  does  it  move  ? 
3  microscope  slide  upon  which  it  is  resting  be  jarred,  or  if  it 
uched  by  some  foreign  body,  the  contraction  will  take  place, 
mdy  the  organism  as  a  whole,  or  some  specialized  portion  of 
sensitive  to  these  mechanical  stimuli. 

len  the  amoeba,  resting  quietly  on  the  slide,  suddenly  thrusts 
.  pseudopodium  the  immediate  cause  is  not  so  evident.  The 
is  internal.  The  amoeba  is  hungry,  and,  like  all  hungry  organ- 
it  starts  upon  a  foraging  tour.  In  every  case  motion,  indeed, 
ill  activity,  is  in  response  to  stimuli.  The  ability  to  respond  to 
li  is  called  irritability.  This  is  the  characteristic  of  living  matter 
igh  which  it  is  susceptible  to  changes  in  its  environment;  it  is 
rimary  distinguishing  feature  of  living  matter.  Without  it  the 
;  organism,  being  unconscious  of  changes  in  its  environment, 
I  originate  no  activity  which  would  bring  it  into  harmony  with 
irroundings,  and  its  destruction  through  hunger  or  accident 
1  inevitably  soon  follow.  A  complete  successful  adaptative 
Q  then  requires:  (1)  irritability;  (2)  motion  and  co-ordination 
ace  and  time. 

ne  stimuli  are  external  to  the  organism  and  apparent  to  the 
vcr;  others  are  internal  and  not  apparent.  The  invisible 
li  are  just  as  real  as  the  visible  ones.  The  internal  stimulus 
I  starts  the  amoeba  in  quest  of   food  is  probably  a  chemical 
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1.  Stimali  Classified. — If  one  studies  the  reaction  of  living  organ- 
isms to  changes  in  the  environment  he  will  find  that  responses  are 
induced  by  the  action  of  some  form  of  energy.  The  house-plant  turns 
its  leaves  toward  the  light;  the  activities  of  the  amoeba  are  increased  by 
a  rise  in  temperature;  the  muscles  contract  in  response  to  an  electric 
shock;  the  Vorticella  contracts  its  pedicle  when  its  cilia  touches  a 
foreign  object,  and  the  activity  of  the  yeast  plant  is  increased  by 
weak  salt  solution. 

All  stimuli  which  induce  response  from  living  organisms  are 
represented  in  the  classes  cited  above;  and  these  classes  may  be 
enumerated  (i)  Lights  (ii)  Heatf  (iii)  Electricity,  (rv)  Mechanical 
stimiUi,  comprising  pressure  tension  and  vibrations  (sound);  (v) 
Chemical  stimuli. 

2.  Action  of  Stimuli. — If  one  shade  one  portion  of  a  large  aquarium 
he  will  observe  in  a  few  days  a  marked  difference  in  the  living  forms 
that  inhabit  the  light  and  dark  portions  of  the  aquarium.  The  stem 
and  leaves  of  plants  lean  toward  the  light,  while  the  root  naturaUy 
grows  toward  the  dark.  Chemical  substances  that  attract  some 
organisms  repel  others.  One  may,  therefore,  conclude:  (i)  The  same 
stimulus  may  ^produce  quite  different  effects  on  differetU  organisms. 

If  one  pinch  or  cut  a  living  motor  nerve  the  muscle  which  it 
supplies  will  contract.  Pass  an  electric  current  through  the  nerve 
and  the  muscle  will  contract.  Touch  it  with  a  hot  wire  and  the 
muscle  will  contract.  Put  a  few  crystab  of  salt  on  the  nerve  and 
the  response  is  muscular  contraction.  Look  toward  the  window; 
the  light  stimulates  the  retina.  Close  the  eye  and  press  upon  the 
eyeball  near  the  exterior  angle  of  the  lids;  a  ring  of  light  appears 
near  the  inner  angle.    From  these  observations  one  may  conclude: 

(ii)  Different  stimuli  xcill  ^produce  the  sam^  effect  in  a  tissue  if  the 
tissue  is  highly  specialized, 

(hi)  The  action  of  stimuli  is  more  or  less  transient — t.  e.,  the 
stimulated  organism  returns  after  a  short  period,  more  or  less  com- 
pletely, to  its  former  state  of  rest. 

(i\')  Overstimulation  always  leads  to  exhaustion,  recognized  at 
that  point  where  even  a  strong  stimulus  fails  to  elicit  a  response. 


3.    REPRODUCTION. 

Reproduction  has  already  l)een  mentioned  as  one  of  the  phyletic 
or  altniistic  functions,  for  the  reason  that  it  invariably  involves  on 
the  part  of  the  individual  sacrifice  of  self  for  species. 

In  a  general  way  the  lower  animals  undergo  a  greater  self-sacrifice 
in  the  reproduction  of  offspring,  while  the  higher  animals  undergo  a 
greater  self-sacrifice  in  the  support  and  protection  of  offspring.  Let 
us  proceed  to  the  description  of  the  phenomena  of  cell  reproduction. 
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Oell  Reproduction. — ^It  was  demonstrated  by  Virchow  that  every 
cell  is  from  a  cell — "Omnis  cellula  e  cellula." 

''No  spontaneous  generation  of  cells  occurs  either  in  plants  or 
in  animals.  The  many  millions  of  cells  of  which  the  body  of  man 
is  composed  have  been  produced  by  the  repeated  division  of  one 
cell — the  ovum — in  which  the  life  of  every  animal  commences." 
(Hertwig.) 

There  are  two  methods  of  cell  reproduction — direct  and  indirect, 

(a)  In  the  Direct  or  Amitotic  Method  the  division  of  the  oell 
protoplasm  usually  begins  in  the  nucleus  followed  by  the  cytoplasm. 
The  contractile  vacuole  usually  takes  part  in  the  division.  (See 
Fig.  13.)  This  form  of  cell  reproduction  may  be  observed  "in 
glandular  epithelia,  in  the  cells  of  transitory  embryonic  envelopes, 
and  in  tumors  and  other  pathologic  formations."    (Wilson.) 

(b)  The  Indirect:  Mitosis  or  KaiyokinesiB. — ^In  this  method  the 
nucleus  plays  the  principal  role,  the  chromatin  presenting  a  series 
of  striking  appearances,  called  the  karyokinetic  figures.  This  form 
of  cell  reproduction  is  now  held  to  be  typical  for  nearly  all  healthy 
nucleated  celb. 

Fig.  14 


(f> 


Prophases  of  karyokinesis  :  I,  division  and  migration  of  centrotome ;  II,  renlntioQ  of  diio* 
matin  Into  well-deflned  thread;  J/J,  segmentation  of  same  Into  ohromoiomea :  IV,  derelop- 
ment  of  amphlasters ;  chromosomes  equatorial.    (Wilson.) 

Karj'okiiiesis,  mitosis,  or  indirect  cell  division,  presents  a  very 
long  series  of  changes  sufficiently  different  one  from  another  to  lead 
to  the  description  of  twelve  to  fifteen  different  stages.  O.  Hertwig 
and  Wilson  use  four  principal  phases,  one  phase  frequently  repre- 
senting several  stages. 

Following  these  authors  mitosis  may  be  thus  briefly  summarized: 
In  its  resting  condition,  which  immediately  precedes  mitosis,  one 
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may  observe  a  walled  nucleus,  with  granular  chromatin  and  a  more 
or  less  clearly  defined  centrosome,  which  may  have  previously 
divided,  but  which  is  dormant. 

(a)  The  Prophases  or  preparatory  stages.  (Fig.  14.)  (i)  Division 
of  the  centrosome  and  migration  of  each  young  centrosome,  along 
the  circumference  of  the  nucleus  to  opposite  poles  of  the  nucleus, 
(n)  Resolution  of  the  chromatin  substance  of 
the  nucleus  into  a  well-defined  thread  or  spirem, 
which  is  coiled  within  the  nucleus,  (m)  Seg- 
mentation of  the  spirem  into  a  definite  number 
of  ckramosomss.  "Every  species  of  plant  or 
animal  has  a  fixed  and  characteristic  number 
(8  to  36,  16  in  man)  of  chromosomes  which 
regularly  recurs  in  the  division  of  all  of  its  cells. 
In  all  forms  arising  by  sexual  reproduction  the 
number  of  chromosomes  is  even."  (Wilson). 
(IV)   Development  of   the   Amphiaster  which  Meuphaw^of^ryokined.. 

consists  of  two  polar  asterSy  in  the  centre  of 

each  of  which  lies  a  centrosome,  also  the  spindle.    The  aster  lies 

in  the  cytoplasm,  while  the  spindle,  formed  of  numerous  meridional 


Fig.  16 


Anaphaaet  of  karyokinesis.    (Wilson.) 


fibrillse,  formed  from  the  achromatic  network,  ^^'  ^^ 

occupies  the  nucleus,  whose  walls  have  in  the 

mean   time  disintegrated   and  disappeared. 

(v)  The  chromosomes  assume  a  position  in 

the  equatorial  plane  of  the  spindle  forming 

the  equatorial  jdate, 

(^)  Metaphase.  (Fig.  15.)  Ix)ngitudinal  di- 
vision of  each  chromosome.  "The  daughter 
nuclei  receive  precisely  equivalent  portions 
of  chromatin  from  the  mother  nucleus." 
(Wilson.) 

(f)  Anaphases.     (Fig.   16.)      (i)  Divergence  of  the  two  sets  of 
daughter  chromosomes  toward  the  poles  of  the  spindle.    Probably 


TelopbAie  of  karyokineris. 
(Wilson.) 
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drawn  by  the  meridional  fibres  of  the  spindle,  which  seem  to  be 
attached  to  them,  (ii)  The  divergence  of  the  daughter  asters  reveals 
an  inner  spindle.  This  is  first  visible  at  the  equator  of  the  nucleus, 
and  called  the  inierzonai  fibres,  (ni)  Division  of  the  centrosome 
preparatory  to  the  next  mitosis. 

(o)  Telophases.  (Fig.  17.)  (i)  "The  entire  cell  divides  in  two  in  a 
plane  passing  through  the  equator  of  the  spindle,  each  of  the  daughter- 
cells  receiving  a  group  of  chromosomes,  half  of  the  spindle  and  one 
of  the  asters  with  its  centrosome."  (Wilson.)  (ii)  The  chromatin 
becomes  distributed  in  granular  form,  as  found  at  the  beginning. 
(hi)  The  nucleus  provides  itself  with  another  nuclear  membrane. 


CHAPTER  IL 

THE  PHYSIOLOGY  OF  CONTRACTILE  AND  IRRITABLE  TISSUES. 

A.  PHYSICAL  INTRODUCTION. 

1.  ELEMENTS  AND  BATTERIES. 

2.  KEYS  AND  ELECTRODES. 

3.  METHODS  OF  MODIFYING  THE  CURRENT. 

4.  THE  INDUCTORIUM. 

5.  THE  MEASUREMENT  OF  ELECTRICITY. 

6.  GRAPHIC  METHODS  OF  RECORDING  RESULTS. 

B.  ANATOMIC  INTRODUCTION. 

1.  THE  STRUCTURE  OF  MUSCLE. 

2.  THE  STRUCTURE  OF  NERVES. 

3.  THE  MUSCLEPNERVE  PREPARATION. 

.1.  THE  PHYSIOLOGY  OF  MUSCLE  AND  NERVE. 

1.  STIMULI. 

2.  CHANGES  WHICH  TAKE  PLACE  IN  A  MUSCLE  IN  RESPONSE  TO 

STIMULI, 
o.  Change  in  Form. 

(1)  Change  in  Length. 

(2)  Change  in  the  Transverse  Dimensions  of  the  Muscle. 

(3)  The  Work  Done  by  a  Contracting  Muscle. 

6.  Chemical  Changes  which  Take  Place  in  a  Contracting  Muscle. 

c.  Thermal  Changes  which  Take  Place  in  a  Contracting  Muscle. 

d.  Electric  Changes  which  Take  Place  in  a  Contracting  Muscle. 

e.  Fatigue.      • 
/.  Rigor. 

3  THE  RELATION  OF  THE  NERVE  TO  VARIOUS  STIMULI. 
a.  The  Properties  of  Nerve  Trunks. 

6.  CONDUCnVITT. 

e.  Irritabilitt. 

d,  Pflueger's  Law  of  Contraction. 

e.  The  Application  of  the  Laws  of  Electrotonus. 

B.  THE  GENERAL  STRUCTURE  AND  FUNCTION  OF  THE  NERVOUS 

SYSTEM. 

I.  GENERAL  CONSTRUCTION  OF  THE  NERVOUS  SYSTEM  AND  ITS 
RELATION  TO  THE  ORGANISM  AS  A  WHOLE. 

a.  The  Neurone. 

b.  Features  of  the  Spinal  Cord. 


58 


GENERAL  PHYSIOLOQY 


2.  GENERAL  FUNCTIONS  OF  THE  NERVOUS  SYSTEM. 

a.  Reflex  Action. 

b.  VOLUNTAHT   ActIOM. 

c.  Nerte  Centbes. 

3.  THE  SYMPATHETIC  NERVOUS  SYSTEM. 


A.  PHTSIOAL  UTTBODUOTIOK. 


Incident  to  the  investigation  of  the  properties  of  muscles  and  of 
nerves,  various  stimuli  are  employed,  llie  stimulus  most  used  is 
electricity.  It  is  taken  for  granted  that  the  student  has  made  himsdf 
acquainted  with  the  general  principles  of  electricity  before  beginning 
the  study  of  physiolc^.  The  electric  appliances  used  in  the 
physiologic  laboratory  being  somewhat  specialized,  require  a  brief 
description, 

1.   KLKMEHT8  AHB  BATTXRIX8. 

The  Daniell  element  or  cell  is  used  most  in  the  physiologic 
laboratory.    Fig.  18  shows  such  a  cell  to  be  composed  of  four  parts: 


The  DanlelL  cell. 


The  outer  glnss  receptacle  usually  of  one  or  two  quarts' capacity;  the 
copper  plate,  a  thin  sheet  of  copper;  the  porous  cup,  of  unglaied 
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Tare,  and  the  zinc  plate,  which  stands  in  the  porous  cup. 

niell  cell  is  a  two-fluid  cell:    Outside  of  the  porous  cup,  atul 

ding  the  copper  plate,  there  is  a  satu- 

lution  of  copper  sulphate ;  inside  of  '•*'■  " 

,  surrounding  the  zinc  plate,  there 

iT  cent,  sulphuric  acid.     The  zinc 

ist  have  its  surface  amalgamated  to 

its  too  rapid  consumption  and  the 
n  of  hydrogen  gas.  The  zinc  plate  is 
itive  plate,  while  the  copper  plate  is 
ative  one.  Upon  each  plate  there 
ding  screw,  through  which  the  wires 
fixed  to  the  plates.  The  dbtal  ends 
wires  are  called  the  poles  or  elec- 
The  electrode,  which  is  attached 
negative  (copper)  plate,  is  the  posi- 
ttrode  or  anode,  while  the  electrode, 
3  attached  to  the  positive  plate,  is 
^tive  electrode  or  kathode.  No 
I  action  takes  place  in  the  cell  until 
trodes  are  brought  into  contact  with 
ler,  when  zinc  is  consumed  with  the 
>n  of  zinc  sulphate  and  the  libera- 

nascent  hydrogen;  the  latter  dis- 
rom  the  copper  sulphate  of  copper, 
I  deposited  upon  the  copper  plate, 
amount  of  electric  energy  liberated 
xll  is  frequently  insufficient  to  meet 
uirements  of   a   physiologic  experi- 

In  such  a  case  recourse  is  had  to 
tiplication  of  cells  to  form  a  haitery. 
;h  resistance  of  animal  tissues  to  the 
of  an  electric  current  makes  it 
y  to  adopt  a  particular  method  of  joining  up  the  celb  of  the 
— t.  e.,  the  cells  are  joined  up  in  aeries  or  tandem. 


2.  EET8  AND  ELEOTRODES. 

tey  most  used  in  physiologic  experimentation  is  the  Du  Bois- 
id  key.  (See  Fig.  19.)  This  key  has  the  advantage  of 
ng  two  distinct  uses:  (i)  as  a  simple  contact  key,  (ll)  as  a 
^cuiting  key.  It  is  evident  in  the  second  case  that  when  the 
losed  the  current  is  "short-circuited,"  and  passes  from  the 
to  the  negative  side  through  the  key.  When  the  key  is 
■9  ghown  in  Fig.  20,  //,  the  current  is  thrown  into  the  longer 
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circuit  and  must  traverse  the  nerve  which  lies  upon  the  electrodes. 
This  is  the  usual  method  of  using  the  Du  Bois-Reymond  key,  espe- 
cially with  induced  currents. 

When  a  constant  current  passes  from  metallic  electrodes  into 
animal  tissue  there  is  a  decomposition  of  the  tissue  fluids  and  a 
gradual  polarization  of  the  electrodes  which  disturbs  the  results  of 
the  experiment.     To  avoid  this  various  non-polarizable  electrodes 


FiQ.  20 


// 


Showing  uses  of  the  Du  Bois-Reymond  key. 

have  been  devised.  (See  Fig.  21.)  The  non-polarizable  electrode 
shown  in  Fig.  21,  A,  consists  of  a  glass  tube  (t)  into  which  an  amalga- 
mated zinc  rod  (z)  extends,  immersed  in  a  saturated  solution  of  zmc 
sulphate  (zs).  The  zinc  rod  is  held  in  place  by  a  piece  of  rubber 
tubing,  and  has  a  binding  screw  at  the  outer  end.  The  end  of  the 
glass  tube  opposite  to  the  zinc  rod  is  provided  with  a  pencil  of  kaolin 
paste  (kaolin  powder  with  NaCl  0.6  per  cent.).  In  Fleischl's  electrode 
(B)  a  brush  is  used  instead  of  the  kaolin  pencil. 


(or 


Electrodes:  A,  kaolin  electrode  ;  z,  zinc  rod;  zs,  saturated  solution  of  ZnS04;  ^  gltv  tube; 
K,  plug  of  plastic  kaolin ;  B,  Fleiscbl's  brush  electrode,  in  which  a  camerB-hair  bnuh  is  tab* 
stituted  for  the  kaolin  plug. 

The  boot  electrodes  utilize  the  principles  used  in  the  kaolin  and 
brush  electrodes,  but  the  straight  glass  tubes  are  replaced  by  boot- 
shaped  porcelain  tubes  with  unglazed  **feet."  The  boots  stand  upon 
the  frog-board  and  the  nerve  may  be  laid  across  the  "toes."  This 
is  the  most  convenient  form  of  electrode  for  most  work.    (See  Fig.  22.) 

Work  with  induced  currents  does  not  require  the  use  of  non- 
polarizable  electrodes.  A  shielded  electrode  such  as  shown  in 
Fig.  23  will  be  found  most  convenient. 
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3.    METHODS  or  HODIFTIHO  THE  OUBBEHT. 

Co  Change  the  Direction  or  the  Course  of  the  Onirent. — 

Its  a  Pohl  commutator  b  generally  used.     {See  Fig.  24.)    The 
inding  posts  to  which  the  bridge  is  hinged  may  be  called  the 


Tbfl  boot  clcdrodci, 


^  posts."  The  battery  wires  should  be  joined  to  these  posts. 
?ylin<lric  handle  which  b  used  in  tipping  the  bridge  to  the 
or  the  left  b  of  non-conducting  material.    The  current  passes 


A  ilileldal  e[MtrDd«  al  Iwid  rubber. 


■Ting  copper  or  plMlnum  w 


he  upright  arm  of  the  bridge,  thence  into  the  semicircular 
whence  it  passes  to  the  mercury  cup,  into  which  the  span  dips, 
eting  the  circuit  througli  the  cross-bars  when  the  bridge  b 
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dpped  CO  the  lefc  Fx^.  23  .  or  complran^  h  direct  irim  the  bridge 
b  dpped  to  the  rizhc  Tbe  cqad^  from  one  poshioD  to  the  other 
thus  cbxnsifs  the  liirecdoa  oc  the  current  becwcen  the  electrodes. 

If  the  cro6i«-bais  &ie  removed  che  corrent  ux^t  be  thiown  at  will 
into  a  circuit  joined  at  the  Left-hand  pa?t»  or  one  joined  at  the 
risrht-hanii  pc^ts.  thtis  chan^xn^  the  coarse  of  the  circuit. 


r^ie  p«.i«!  c.:a.  ^r.  -.r  liw  P<ju.  ■.-jinmiififta 

2.  To  Change  the  Strength  of  tlie  Cazmit. — (a)  The  current 
may  be  increa;?ed  \xj  the  OombiBation  of  CaDa  m  a  BattHj.    If  the 

external  resistance  is  hi:^.  which  is  the  case  in  all  physiologic  or  theii- 
peritic  uses  of  electricity,  the  cells  composing  the  battery  should  be 
joined  in  -ifrie-i. 

h    The  Current  May  be  Yariod  by  Yazying  the 


IC=  pi. — This   may  be  accomplished  by  joining  a  resistance  box 

or    rhet>stat   in    the    circuit.     There  are   two  ways  of  doing  this: 

[    Tj  join  the  rhei^stat   in   the   Ion:;  circuit,  by  which  method  t 

rerr^'jval  oi  the  pl^i^rs  will  ^iecrease  the  current  by  *Almg  resistance 


fo  :v  o:i.Tsij«-:  II  ''o  :'>in  the  rheostat  iu  short  circuit,  bv  which 
:i\frr,*iti  a  removal  ''f  piMiT^  will  oppose  an  increased  resistance  to  the 
^hort  ^■irruir,  rhrowini:  mnre  current  into  the  long  circtdt.  The  first 
met  hoi  caii.ses  a  ^raiiual  •iecrease  of  the  current  from  a  Tn^TJinnm 
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to  a  minimum;  while  the  second  and  more  generally  employed 
method  causes  a  gradual  increase  from  zero  to  a  maximum.  The 
resistance  box  presents  the  disadvantage  that  the  resistance  is  added 
or  subtracted  step  by  step.  Many  physiologic  experiments  require 
the  current  to  change  by  infinitesiTnal  increments.  Du  Bois-Reymond 
contrived  an  instniment  which  accomplishes  this  result,  the  rheocord 
(Fig.  26).    The  Du  Bois-Reymond  rheocord  differs  from  the  rheostat 


FlO.  26 


Da  Bois-Reymond's  rheocord. 


Fio.  27 


in  substituting  for  the  low-resistance  spools  two  parallel  platinum  wires 

(ww'),  which  are  connected  by  a  bridge  (6).    As  the  bridge  is  slowly 

moved  from  position  0  to  position  100  the  resistance  of  the  platinum 

wires  (li2)  is  as  slowly  added   to  the  short   circuit.     Bringing  the 

bridge  back  to  the  zero  point 

and   removing  the  plug  which 

represents  IS,  one  may  slowly 

sIkIc  the  bridge  up  to  100,  again 

adding  another  ohm,  and  so  on 

until    15    or    20i2    have    been 

thrown  into  the  short  circuit. 

(c)  The  Current  May  be 
Varied  by  leading  off  or  deriv- 
ing any  desired  portion  of  the 
principal  current.  For  this  pur- 
pose one  may  use  the  simple 
rheocord  (Fig.  27).  When  the 
principal  circuit  is  closed  the 
current  passes  from  the  cell  to 
post  A  of  the  rheocord,  along 
the  German  silver  wire  until  it 
reaches  the  sliding  contact  S, 
when  two  ways  are  open  to  it: 
(i)  through  the  wire  to  B  and 
back  to  the  cell,  or  (ii)  through  the  galvanometer  circuit.  The  amount 
of  current  which  will  pass  along  these  two  ways  will  be  reciprocally 
proportional  to  the  resistances  offered  by  the  two  circuits.  When 
the  sliding  contact  S  is  in  contact  with  B  the  derived  or  galvanom- 
eter current  will  be  zero;  when  it  is  in  contact  with  A  the  derived 


The  simple  rheocord. 


W  '^ESEBAL  PBTSiOLOGT  \ 

cuTTMit  win  be  ac  re  maximam.  Thr  principfe  iDTolvcd  in  tbe 
LtMJwie  compensator  aa>i  c:  tbe  roand  cnmpenntcw  is  the  saiu  is 
that  utQized  in  tbe  simple  rbeocoid. 


The  imluceil  oum-ni  t$  much  u^  in  this  6^  of  experimental 
phr^iiolo^.    Sereni  special  forms  of  ioductorhinis  have  been  con- 


Tbe  iadacuni 


trive.1.    Thatof  !)u  &>L^Rei-mondisshowninRg.2S.    Twobioding 
pfMts  *;nnnect  directK  with  the  pnman~  circuit.     By  connecting  tbe 


or  Seeri  inwrmpier. 


atten'  to  thp^  an  inilucer!  current  is  made  every  time  the  primaiy 
irrpiit  i.s  cliispd  or  opener].  By  conr.ecting  the  battery  wires  at  G 
rirl  A  tlif  primary  current  is  closed  and  opened  automatically  throu^ 
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rocal  action  on  the  electromagnet  B  and  the  elasticity  of 
oer  A.  For  a  clearer  plan  of-  thb  mechanism  see  Fig.  29. 
arrangement  leads  to  "extra  currents"  in  the  inductorium 
)dify  the  induced  current,  as  shown  by  the  full  lines  of  the 
;ram  (Fig.  30).     Von  Helmholtz  contrived  an  arrangement 

the  influence  of  the  extra  currents  could  be  suspended  and 
ce"  current  equalize  with  the  "break"  current.    The  con- 

with  the  screw  f  {Fig.  29)  makes  the  primary  circuit,  draws 
ler  down  until  it  touches  /,  which  short  circuits  a  portion  of 
iry  current,  weakens  the  magnet,  releases  the  hammer,  and 


^ 


SBiy.  mud  fb.  or  Uw  MCOaiUrT  current ; 
ilDt,  and  S,eDdor  Ibe  Inductng  cur- 
^DrreoT  Ibo  prtmur  curraal  weakened 
n  dtrrent ;  s,  whsie  tba  prlmarr  cur. 
«iMd;  2aiid4.canHpondinscun>anU 
n  Ibe  iiecondarr  coll;  P,.  heigbt,  1. 1.. 
tth  of  the  oomtant  iadndoK  current ; 
McurTeorihelndudngciinent  irben 
TMd  and  closed  Lbroufb  Qelmboll^* 
Ion ;  0  and  A,  tbe  coireflpondlng  cur- 
lead  Id  tba  Meondacr  drealt. 


ows  all  of  the  primaiy  current  into  the  long  circuit.  Thus 
iry  circuit  is  never  broken,  but  rapidly  varies  between  its 
1  and  minimum,  as  shown  at  5  and  7  (Fig.  30).  In  the 
e  the  induced  current  gives  practically  equal  make  and  break 
shown  by  the  dotted  lines  6  and  8. 


5.    THB  XEAaUBEHENTS  OF  ELEOTRIOXTT. 

ilicate  galvanometers  of  Wiedemann  or  of  Thompson  are 
o  the  student  through  his  work  in  physics.    These  instni- 


mcni:    ftR    U5M 
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:  pcj?3c4o^  to  laeasun  muadp  utd  item  cur- 
rents- 

Acocher  icscuzie::!  miscii  i^sni  in  phj^ioIogT  is  the  cspilkn 
riectrtxnettr.  wii-cee  cocsirxocc  e  shown  in  Fig,  31.  The  dectrom- 
cter  and  the  tiiiciosccc«  srr  50  ii:<xii:»d  thai  aH  irquiicd  sdjust- 
mrats  siv  cia<i«  bv  r:— :-;•■  tzc-adjcsaiicDt  scnv?.  If  the  two 
pbiiiiuii:  "irw  v.  ■--'  »»  ;•:■(:»;  cp  «ith  ooD-polamaUe  electrodes, 
and  if  these  »rt  ic^cbec  to  pc-rnocs  of  «  bodr  vbirfa  lepicsent  diffeient 
electric  poteniiAl.  the  meiciry  viH  ii:,5iaBtK  move  ftloog  the  capiUaiy, 
ibe  diiectioc  of  is  inotk>c  tx^ikaws  the  tiirecnoD  of  the  muscle  or 
Derre  current,  acc.  tt*  eite:;:  ci  the  modoo  indicates  the  sttength  of 
the  riisae  electPOdotiTif  force. 


6.    ORAPHIC  XXTHOM  OF  UOOBDDG  USDLTB. 

This  metc'xi  is  now  uciTersallv  used  in  bbontoir  expenments. 
The  cootractioc  of  a  muioie  in  lespocfe  to  a  stimulus  lifts  a  lever 
schcee    eitiemitT    is    provided     with    a 
i^i.  E  writing  point.     This  wriring  point  traces 

i.he  rcoveir.enis  of  the  lever  upon  a  mov- 
ir.^  5i:riait.  \'ariiwis  de^-ices  have  been 
er;D!oyeii  10  ^Jmi^h  the  movinp  surface; 
ihe  per.riv.lun;  r,iv*^:raph.  the  spring 
rcvi-jrapii  an>i  the  rotating  cvlinder.  The 
laner  upE'lianc*  has  come  into  general  use 
fur  cniDhicallv  recor\Iinp  various  move- 
n;e::i>  ain!  hii  received  the  name  Kyituh 
■;-ai-'-.  or  i.-'in- ■..•riUr.  See  Fig.  32.)  The 
ir.itnmwnt  dgtired  is  only  one  of  the 
r.Tin-.emas  fnrai^.  S>me  are  propelled  bj 
cI>vk-work.  some  by  steam  or  electric  mo- 
luf.  some  ^y  weight  and  pulley.  The  form 
iif  the  reonnicvi  wave  depeinis  in  part  upon 
the  speeii  or  rvtation  of  the  cylinder.  The 
hei:rht  of  the  ^ave — the  ordinate — depends 
r'llely  on  the  ri.=e  of  the  lever;  but  the  out- 
line of  tSie  wave,  especially  its  extent  along 
the  l.;ise  line-- its  al»soissa — depends  upon 
the  relative  s;>ee<!  of  two  movements:  (i) 
f  the  iJnira.  and    n    the  rate  ot  movement  of 


The  Time  Becord. 

T-ii.i  i.i  trr-rytftitiy  Tn^f^^>ary.  In  work  upon  the  circulatory  and 
r»:ipirat'ir/  •yrtfin-i  it  !.-  .^uffirient  to  have  a  time  record  in  seconds; 
such  a  reconl  r.-un  In-,  rearlily  grjtten  from  a  contact  clock  which  beats 
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9«coDds,  joined  Id  circuit  irith  a  time-marker  or  chronograph.  In 
muscle-nerve  physiology  it  is  necessary  to  record  the  time  in  shorter 
intervals. 

no.  gs 


Tbe  tanlng  fbrk 


Tub  Tuning  Fork  (Fig.  33),  whose  vibrations  are  maintained  by 
an  electric  current,  is  usually  used  for  thb  purpose.     Vibrations 


numberiog  50  to  200  per  second  may  he  recorded  upon  a  moving 
surface  by  the  Deprez  signal  (Fig.  34),  which  is  joined  in  circuit 
«-ith  tbe  tuning  fork. 


B.  ANATOMIO  INTKODUCTION. 
1.    THE  STRUOTURE  OF  HUSOLE. 


The  unit  of  structure  of  muscular  tissue  is  the  muscle  cell  or  muscle 
fibre.  The  muscle  cell  is  a  multinuclear  cell  of  prodigious  size,  some 
of  them  reaching  a  length  of  12  cm.  (Felix,  quoted  by  Biederman  in 
EUctrophynology),  while  they  have  a  diameter  ranging  from  0.013 
to  0.019  mm.,  making  them  easily  vbible  to  the  unaided  eye  as  fine 
thteads.     If  one  examine  a  muscle  he  will  find  it  to  be  enclosed  in  a 
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sheath  of  glistening  connective  tissue — epimyrium — and  to  be  readily 
ilivisihle  into  piisinatic  buniltes  or  muscular  fasciculi,  each  of  wbidi 
is  in  turn  surrounded  by  a  connective- tissue  sheath,  the  perimytiiM. 
The  accompanying  figure  (Fig.  35)  shows  a  cross-section  of  a  fascic- 
ulus, the  perimysium  also  being  depicted.  The  fasciculus  is  in  tuin 
composed  of  nmscle  filires  or  muscle  cells,  the  spaces  between  which 
are  occupied  by  delicate  connective  tissue,  the  etuiomytium.  Note 
the  dark  spots  in  the  periphery  of  the  fibres.    These  are  the  nuclei. 


Lengiiudinal  Muscle  Fibres 


Pen  my  Slum 


Epim^ftium 

CMU'SecUoQ  of  a  liuclculiu  or  muule. 

Each  fibre  or  cell  b  surmutided  by  a  dflicate  cell  wall  (Kolliker),  the 
mrcolemma,  shown  in  the  figure  as  a  thin  black  line  surrounding  eadi 
cell.  As  in  the  typical  cell  we  have  the  cytoplasm  divided  into  two 
fairly  distinct  substances — spongioplasro  and  cytolymph — so  here  we 
find  structures  which  must  represent  their  homologues — viz.,  fibriUa 
and  sarcoplasm.  In  the  figure  the  shadeft  areas  (areas  of  Cohaheim) 
into  which  the  cross-section  of  each  fibre  is  divided  represents  bundles 
of  fibrilhe — muscle  columni,  which  are  separated  by  the  sarcoplasm. 
The  proportion  of  sarcoplasm  to  fibrillar  substance  may  vary 
enormously,  both  in  the  muscles  of  different  animals,  and  in  the 
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different  muscles  of  the  same  species.  .  .  .  "Those  muscle  filtres 
which  serve  the  most  persistent  or  most  strenuous  action  are  richest 
in  sarcoplasm.  .  .  .  The  great  pectoral  muscle  of  the  best 
fliers  (among  the  birds)  consists  exclusively,  or  almost  exclusively, 
of  plasmic  (rich  in  sarcoplasm)  fibres,  while  in  the  weak-winged 
fowb  it  consists  predominantly  of  aplnsmic  (poor  in  sarcoplasm) 
fibres.      .  There  can  be  no  doubt  that  eoei^tic  chemical 

changes  go  on  in  the  sarcoplaani,  as  b  proved  by  the  frequent  appear- 
ance within  it  of   fat  drops.     ...     All   mdications   favor   the 


Ufhler  bud  la  dlirlded  by  tbe 
torn  of  mlnaubeadicoiuUtutliig 
tb«  iDUnDadtalc  duk :  a,  tarml- 

r  adJolDinc 
»e: 
.    (Plonl.) 


proposition  that  the  aarcoplaam  furnishes  the  pabulum  which  nourishes 
the  fibrillar  substance  during  its  activity.  ...  If,  then,  it 
really  is  the  role  of  the  interfibrillar  plasnm  (sarcoplasm)  to  preside 
over  the  nutrition  of  the  contractile  substance,  the  greater  abundance 
of  sarcoplasm  in  the  muscles  which  serves  the  most  strenuous  and 
persistent  functions  is  readily  intelligible."  (Quotations  from  Bieder- 
man's  EUctrophysiology.) 

The  structure  of  the  fibrilla  lias  been  a  matter  of  investigation 
for  many  years.    Many  of  tbe  points  at  issue  are  still  unsettled. 

Fig.  36  shows  a  view  of  a  human  muscle  fibre  under  rather  high 
magnification.  Note  the  alternating  light  and  dark  hands,  and  that 
tbe  light  bands  are  subdivided  by  a  fine  <lotted  line.  Tliis  line  is 
called  Kravte's  membrane  because  it  has  l)een  thought  to  l)e  a  mem- 
brane. The  whole  fibre  ia  composed  of  a  great  inmdier  of  parallel 
fibrilbe.    Each  fibrilla  b  segmented  and  presents  the  same  alternating 
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dark  and  light  segments  shown  by  the  fibre  as  a  whole.  Furthennoie, 
each  iibrilla  possesses  a  portion  of  the  "  Krause  membrane."  It  must 
be  evident  that  the  areas  of  Cobnheim  represent  cross-sections  of  the 
fibrilhe. 

Tia.  3S  Fk.  n 


Dikgnm  of  a 


«iMnded :  B,  oontiacud. 


The  most  favorable  materia)  for  the  studv  of  the  finer  structure 
of  the  fibrilUe  is  presented  by  the  ning  muscles  of  insects.  Schaefer's 
preparations  shown  in  Figs.  3S  and  39  gi\'e  a  very  good  ides  of 
this  structure.  The  portion  between  two  Krause  membranes  is 
called  a  sareomere.  Note  that  in  the  extended  condition  (f^.  38,  A) 
the  dark  band  has  a  light  line  di^Hding  i(  trans>'etsely;  this  light  tine 
b  called  the  line  or  plane  of  Henseii.  (See  Fig.  38,  A  h.)  This  plane 
of  Hensen  disappears  when  the  fibrilla  tscontracted.  (See  Fig.  38,  B  h.) 


c  ;M  lenoinKUans  o(  ibe  nerrn. 
:  r^AiA  P,  F.  Kmc  neaiilemini 
=;.3i:ic.    .AftcrVeEcmlclck.) 


c^ear  s'.:;vs;a;-.iv  as  rei»re.*i 


•..;>i<\:  i'v  ,:;irk  aiul  light  matter.  The 
r  s,'',i,:  ;:■.;»:■  tV.o  lisht  matter.  It  is  made 
■.■.!s.  K^'-.v.  \'\;.  .■l^  one  cannot  see  just 
iv.i'ix-  ■■<  i';«v'-i^:.  !'',:i  an  eml  view  (Fig. 
:-.<  ,-)■.■.,■  :":-..i:  •.'r.c  «!-.;te  matter  takes  the 
tt:;'\V.  :■'.'.  :':■»•  ■.v-tx-s-  Halliburton  looks 
;>!i  tv;^:\s<-  :v;^  ^-^K-.tyofiasm  and  the 
a:\);  (':u-  '.■._Mi",o;\A.<v.    cytolyniph). 
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The  blood  supply  of  the  muscle  is  distributed  as  fine  capillaries 
which  occupy  spaces  between  the  fibres,  but  never  pierce  the  sarco- 
lenima.  ITie  nerves,  however,  terminate  in  end  plates  which  lie 
within  the  sarcolemma.  (See  Fig.  40.)  There  are  nerve  endings  in 
the  tendons  also.  These  nerves  are  sensory  nerves  and  are  stimulated 
by  sudden  change  of  tension  upon  the  tendon.  Fig.  41  shows  this 
as  welt  as  the  way  ui  which  the  muscle  fibres  pass  into  tendon  fibres. 


Nerre  endlDi*  la  teodon. 

2.    THE  STRnOTXTKE  OF  NERVES. 

A  nerve  trunk,  such  as  one  finds  in  his  dissections,  is  constructed 
IS  shown  in  Fig,  42,  with  a  loose  connective-tissue  sheath  (epineurium) 


o  of  poMon  or  «  narrg  trunk  [DC  ud  ng 
thne  bandlw.  or  rnnlcall  mrraiinded  bj  the  perl- 
DnuliuD<|i);  tberaDlcull,Uift(btT  witb  Ihe  blood- 
iMili  knd  adlpon  UMue,  u«  united  bf  Hie  more 
frnxml  eptnauriDin  (c) :  tbe  •eetloiu  or  the  indl- 
Ttdnal  DOTS  Bbna  >ra  beld  to  plM<  br  the  eodo- 
BMUlDin ;  /,  bl-cella,  nnr  which  *.n  the  tecUoai 
ofUoodTWMH.    (Attar  Ptonol.) 


of 


MeduJJnled  nerre  Hbrea ;  A  vxl  B, 
lurlkce  Tlews  of  ibealb  and  vhlta 
iuhat«nce  of  Schwtna :  C,  optlfal 
lecllon,  ■bowlDg  fibrllUtcd  itroctnra 
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surrounding  and  separating  the  nerve  bundles.  Each  bundle  is 
ensheathcd  in  'perineurium,  which  sends  exten^ons  of  endoneunvnt 
into  each  bundle.  The  bundles  consist  esaentiall;  of  a  great  number 
of  nerve  fibres.  A  medullated  nerve  fibre  (Hg.  43)  is  composed 
essentially  of  an  axis  cylinder  surrounded  by  the  medullary  she&th 
or  white  substance  oF  Schwann,  which  is  in  turn  enclosed  in  the 


Mvtiun  acron  five  Denre  flbiM  (x  lOlO).  n* 
nerve  wu  bardeued  in  plcilo  add  and  lUfiMd 
with  plGrocanDlng.  Tbe  radial  itrlaUon  of  Um 
medullaiy  Bheath  la  leiy  appucnt.  la  on*  flbn 
the  nyB  are  broken  tqi  ahriakage  of  the  aik 
cyllDder.    Tbe  Hbilli  of  tbe  aili  cyllDder  appMi 


primitive  sheath.  The  axis  cylinder  i.s  composed  in  turn  of  fibrilln 
{SceRg.44.)  The  fibrils  seem  to  Ix-  separated  by  aground  substance 
as  shown  in  Fig.  45, 


3.  THE  HUSOLE-NEBTE  PREFAKATION. 


The  general  principles  of  tlie  physiology  of  contractile  and  irritable 
tissues  are  universally  demonstrated  with  the  tissues  of  a  fr<^- 
Various  muscles  and  nerves  are  used  for  these  experiments,  but  the 
one  most  used  is  the  ga.strociiemius  muscle  with  the  sciatic  nerve 
which  supplies  it. 

Fig.  46  .shows  the  anatomy  of  the  frog's  leg. 

To  make  a  muscle-nerve  preparation  one  destroys  the  brain  of 
the  frog  (piths  it),  pins  it,  dorsum  upward,  upon  a  cork  board  and 
removes  the  skin  from  the  leg,  thigh,  aiKJ  [>eh'ic  region.    If  tbe  anall. 
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glisteniiig  tendon  of  the  bleeps  be  severed,  where  it  is  inserted  upon 
ibe  dtaa,  and  the  muscle  dissected  out  and  removed,  one  will  find 
Wow  where  it  lay  the  large  trunk  of  the  sciatic  nerve  with  the  accom- 
/••njing  bloodvessels — sciatic  artery  and  sciatic  and  femoral  veins, 
ff  the  urostyle  be  removed  the  sciatic  plexus  will  be  revealed  so  that 


Bbowlnsaiiittomir  i>f 


gently  lifting  the  nerve  with  a  fine  glass  rod  it  may  be  easily 
Hecte<i  out  from  its  spinal  origin  to  the  gastrocnemius.    The  rest 

the  dissection  required  to  produce  the  preparation  as  shown  in 
5.  47  is  readily  made;  the  femur  may  be  clamped  to  a  support 
d  the  tendon  attached  to  the  lever  of  a  myograph  through  a  hook 

thread.     (See  Fig.  48.)     Contraction  of  the  muscle  will  raise  the 
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I 

J 


A.  gifta  acrf«  book  t>r  mtxog  a 


rldXe 


ttOOS;  j; 


it 


Th*;MrnpIe  myrieraph.    ''.  femur  clamp ;  :>.  glass  ncrre- rest. 


Fig.  49 


Fr^fff '^^aM  myf/K'^P^i  •''■  the  <«hAft  wbicb  is  clampet]  to  the  upright  stand  :  B,  the  oaken  base ; 
C  in.  th#r  cork  plat*:  fo  whir-.h  the  frog  Is  flxe<l :  A,  the  lever  axis  and  slide  lerer  holder ;  W,  the 
welKht ;  A.  (he  li((ht  l»:v<:r.  ahoat  2(J  cm.  in  length  ;  y,  the  tendon  book  which  Is  joined  throogh 
th«  ihr«;a/l  T,  which  {jafu^e^l  through  the  eye  and  under  spring  the  catch  (e) ;  R,  the  lever  rest. 


QY  OF  CONTRACTILE  AND  IRRITABLE  TISSUES    75 

FIO.  50 


tph  :  Cf.  femur  clamp  holding  a  wooden  wedge  (  W),  through  which  a  loop  of 
The  tartorlui  muscle  (S)  is  held  tightly  by  the  loop  of  thread  which  encircles  its 
'o  tendinous  extremities  of  the  sartorius  are  hooked  to  the  two  levers  { {.  The 
Toted  at  P  and  P'.  The  muscle  is  put  on  a  stretch  by  the  two  rubber  bands 
adng  points  Tand  T'  are  adjusted  to  a  vertical  line  on  the  kymograph  {k), 

lie  latter  may  be  made  to  trace  its  movements  graphically 
ating  cylinder  or  kymograph. 


IB  PHTSIOLOOT  OF  MUSCLE  AND  NERVE. 

Dllowing  brief  summary  of  electrophysiology  facts  and 
of  fundamental  importance  only  will  be  presented — 
1  may  l)e  utilized  in  subsequent  work  in  physiology, 
►gy,  electrodiagnosis,  and  electrotherapeutics. 

1.    STIMULI. 


le  is  dissecting  out  a  muscle-nerve  preparation  he  is 
notice  several  muscular  contractions,  caused  usuallv  by 
5  of  the  nerve  or  of  some  of  its  branches,  or  by  various 
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conditions  present  during  the  preparation.  If  one  mount  the  prep- 
aration in  the  myograph,  letting  the  nerve  rest  upon  the  glass  slide, 
he  may  further  test  the  effect  of  mechanical  stimuli.  TTie  muscle 
responds  when  the  nerve  is  severed  with  knife  or  scissors;  it  responds 
if  it  is  pinched  with  forceps  or  pricked  with  a  needle.  If  the  muscle 
is  exposed  to  the  atmosphere  it  will  begin  after  a  time  to  contract 
rather  spasmodically  when  there  is  no  apparent  stimulus;  the  con- 
tractions increase  in  extent  and  frequency  until  the  muscle  is  practi- 
/  cally  tetanized.  What  has  been  taking  place?  The  dry  atmosphere 
I  has  taken  up  the  water  from  the  tissue  plasma,  leaving  the  salts  b 
concentrated  solution;  these  salts  may  have  caused  the  contractions 
of  the  muscles.  Apply  a  strong  solution  of  common  salt  to  the  nerve 
of  a  fresh  preparation,  and  it  will  begin,  almost  at  once,  a  series  of 
contractions  quite  like  those  described  above,  producing  a  "salt 
tetanus."  By  applying  glycerin  to  a  fresh  nerve  a  similar  result  is 
\        obtained.    Such  stimuli  are  called  chemical  stimuli. 

If  a  fresh  nerve  be  touched  with  a  hot  wire  a  response  is  elicited 
from  the  muscle.  Temperatures  between  0°  C.  and  100°  C.  do  not 
produce  contractions  of  the  muscle  unless  there  is  a  sudden  change 
from  one  of  the  extremes  to  the  other.  Extreme  temperatures  only 
are  efScient  stimuli. 

If  while  dissecting  out  a  muscle-nerve  preparation  with  a  silver 
probe  and  steel  scissors  one  touch  the  two  instruments  together 
when  both  are  in  contact  with  the  tissues  of  the  frog  a  vigorous 
contraction  will  be  observed.  The  conditions  were  such  as  to  cause 
the  passage  of  an  electric  current  from  one  metal  to  the  other  through 
the  tissues  of  the  frog.  The  tissues  responded  to  the  stimulus  with 
a  contraction.  Mount  the  preparation  and  lay  the  nerve  across  the 
electrodes  of  a  Daniell  cell.  Every  time  the  circuit  is  "made"  with 
the  contact  key  the  muscle  contracts;  every  time  the  circuit  is  "broken" 
the  muscle  contracts,  but  it  does  not  usually  contract  during  the 
passage  of  a  current.  These  stimuli  have  all  been  applied  to  the 
nerve  (indirect  stimulation);  one  may  apply  the  same  stimuli  to  the 
muscle  itseir  (direct  stimulation),  and  will  elicit  a  response  in  most 
cases,  though  it  soon  lK»com(\s  evident  that  the  muscle  is  not  as 
sensitive  to  the  various  stimuli  as  the  nerve  is.  In  the  case  of  the 
glycerin  the  muscle  does  not  r(\spoud  at  all. 

An  important  law  of  electro  physiology  may  be  readily  demon- 
strated at  this  point.  If  a  curarizcd  sartorius  muscle  be  ligatured  in 
the  middle  tightly  enough  to  sever  the  muscle  substance,  but  leave 
the  connective  tissue  intact,  and  if  this  muscle  l)e  fixed  in  the  middle, 
leaving  the  two  ends  free  to  fasten  to  levers,  one  can  stimulate  the 
two  segments  of  the  muscle  and  note  the  effect  of  the  two  poles, 
anode  and  kathode,     Xon-{)()larizable  electrodes  should  be  used  for 

I  First  paralyze  tbo  nerve  endings  of  the  muscle  by  curarlzlng  the  flrog. 
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this  purpose,  and  one  electrode  should  touch  each  segment  of  the 
muscle.  If  one  segment  contracts  on  make,  it  is  the  kathode  segment; 
if  only  one  segment  contracts  on  break,  it  is  the  anode  segment. 
Reverse  the  current  with  Pohl's  commutator  and  the  same  is  true — 
the  make  contraction  is  kathodic  and  the  break  contraction  anodic. 
If  both  contract  on  making  the  current,  the  kathode  segment  begins 
first;  if  both  contract  on  break  the  anodic  segment  begins  first.  The 
following  laws  of  response  to  electric  stimuli  may  be  formulated:  ■ 
Law  /.  The  make  stimulus  is  kathodic:  the  break  stimulu^s  is  anodic. 
Law  II.  The  ''m/ike'*  or  kathodic  stimulus  of  a  current  is  more  irritai- 
ing  to  nerve  or  muscle  than  the  ^*break"  or  anodic  stimidu^s.  J 

A  question  which  naturally  arises  very  early  in  the  study  of  various 
stimuli  is:  Does  the  way  in  which  a  given  stimulus  is  applied  to  a 
nerve  aflFect  the  response  which  the  muscle  gives?  If  one  gently 
tap  a  nerve  which  is  lying  upon  a  glass  plate,  a  slight  contraction  of 
the  muscle  will  follow.  A  somewhat  harder  tap  will  cause  a  somewhat 
more  vigorous  response,  but  the  maximum  response  is  soon  eUcited. 
After  that  any  increase  in  the  strength  of  the  stimulus  will  not  cause 
an  increase  in  the  response.  In  a  similar  way  a  very  weak  electric 
stimulus  will  cause  a  weak  response ;  a  stronger  stimulus,  a  stronger 
response,  etc.;  but  the  maximum  response  is  elicited  with  what  is 
really  a  very  mild  stimulus;  beyond  this  maximum  response  any 
increase  of  stimulus  will  not  elicit  a  greater  response. 

(i)  The  stimulus  of  liminal  intensity  is  the  weakest  effective 
stimulus. 

(ii)  The  stimultis  of  optimum  intensity  is  the  weakest  stimulus 
which  will  produce  the  maximum  response. 

Another  way  of  varying  the  stimuli  is  to  vary  the  time  of  appUcation  ] 
or  the  rate  of  change  of  conditions.  One  may  sever  or  crush  a  nerve  i 
so  slowly  that  the  muscle  will  not  respond.  One  may  raise  the 
temperature  so  slowly  that  the  nerve  may  be  cooked  without  having 
called  forth  a  response.  One  may,  through  the  Fleischl  rheonom, 
send  an  electric  current  into  a  nerve  so  slowly  that  the  muscle  will 
not  respond.  ! 

Summary. — (a)  There  are  four  kinds  of  stimuli :  (i)  mechanical ; 
(ii)  chemical;  (iii)  thermal;  (rv)  electric. 

(,9)  Whatever  stimulus  be  applied  to  a  specialized  sensitive  tissue    , 
the  response  is  the  same  in  general  character — i.  e.,  muscle  always 
responds  by  contraction.     (See  page  52.) 

(f)  The  strength  of  the  response  may  vary  with  the  strength  of 
the  stimulus,  but  it  is  not  at  all  proportional  to  the  strength  of  the 
stimulus. 

(i)  I.  The  stimulus  of  liminal  intensity  is  the  weakest  effective 
stimulus. 

II.  The  stimulus  of  optimum  intensity  is  the  weakest  stimulus 
which  will  produce  the  maximum  response. 
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(e)  I.  The  make  stimulus  is  kathodic;  the  break  stimulus  is  anodic. 
II.  The  kathodic  stimulus  is  more  irritating  to  nerve  or  musde 
ihan  the  anodic  stimulus. 


2.   0HANOE8  WHIOH  TIKE  PLAGE  IN  A  MUSOLS  IN  RB8PON8I 

TO  STIMULI. 

After  ha\ing  watched  the  response  of  muscle  tissue  to  the  stimuli 
discussed  in  the  preceding  section  the  following  facts  must  have 
become  evident:  (i)  Muscle  tissue  is  irritable,  (n)  Nerve  tissue  is 
irritable,  (iii)  Muscle  tissue  transmits  a  stimulus  from  one  part  of 
a  muscle  to  another;  it  therefore  possesses  the  power  of  conductivity. 
(iv)  Nerve  tissue  possesses  the  power  of  conductivity,  (v)  In  response 
to  stimulus  a  muscle  changes  its  form. 

In  the  light  of  the  experiments  and  discussions  which  have  preceded, 
one  may  form  a  general  conception  of  what  takes  place  in  contractile 
and  irritable  tissues  in  response  to  a  stimulus,  (i)  Some  internal 
change  occurs  in  the  nerve  at  the  point  where  the  stimulus  is  applied; 
this  internal  change  is  the  in>isible  manifestation  of  the  irritability 
of  the  nervous  tissue,  (ii)  The  internal  change  begun  at  the  point 
of  stimulation  is  propagated  along  the  nerve  trunk;  indeed,  along 
the  axis  cylinders,  because  the  nerve  loses  its  insulating  sheath 
before  it  reaches  its  final  distribution,  (iii)  It  is  transmitted  to  the 
individual  muscle  fibres  through  the  end  plates  of  the  nerves  which 
lie  just  within  the  sarcolemma  of  each  fibre,  (rv)  It  is  propagated 
through  the  contractile  substance  of  the  fibre,  so  that  all  the  fibres 
of  the  muscle  contract  at  practically  the  same  time,  (v)  There  are 
internal  changes  in  the  muscle  and  nerve,  which  accompany  the 
more  e\ident  change  of  form  which  takes  place  in  the  muscle,  (vi) 
These  internal  changes  are:  chemical,  thermal,  and  dectric,  as 
subsequent  observation  will  demonstrate. 

a.   Change  in  Form. 

1.  Change  in  Length. — In  studying  the  change  in  form  which  a 
muscle  undergoes  incident  to  its  rt^sponse  to  a  stimulus  it  is  customary 
to  mount  a  muscle-nerve  preparation  in  a  myograph  whose  lever 
traces  upon  a  kymograph  any  changes  in  length  which  the  muscle 
may  undergo.  Almost  any  efficient  stimulus  may  be  used;  the  only 
requirement  being  that  in  its  application  to  the  nerve  it  must  be 
sudden  in  its  l:)eginning,  instantaneous  in  its  duration,  and  sudden 
in  its  cessation.  It  is  impossible  to  fill  these  requirements  with 
chemical  or  thermal  stimuli;  but  possible  to  do  so  with  various 
mechanical  and  electric  stimuli.  It  is  customary  to  use  electric 
stimuli.  The  **  break*'  induction  shock  is  especially  adapted  to 
this  purpose. 
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(a)  As  the  Rasnlt  of  One  Shock  the  muscle  in  contraction  will  trace 
upon  a  rapidly  moving  surface  such  a  curve  as  is  shown  in  Fig.  51. 
Such  a  tracing  of  a  single  muscular  contraction  reveals  certain 
important  facts  regarding  the  response  of  a  muscle  to  a  stimulus, 
(i)  On  abscissa  //  (s)  indicates  the  time  of  stimulation.  Note  that 
muscle,  whose  lever  was  tracing  abscissa  J,  did  not  begin  to  shorten 
until  about  y^  ^^  &  second  had  elapsed.    This  is  called  the  IcUent 
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Tndnc  of  riDgle  mmciilAr  contraction :  1  to  2,  lat«nt  period ;  2  to  3,  period  of  contraction  ; 
8  to  4,  period  of  relaxation ;  4  to  5,  period  of  elastic  after-effect. 

period,  (n)  The  period  of  contraction  shows  a  slight  acceleration 
at  first,  followed  by  a  period  of  maximum  rate  of  shortening  (between 
a  and  6),  after  which  there  is  a  retardatibn  of  the  rate  of  shortening 
until  at  3  the  apex  of  the  curve  is  reached  and  for  an  instant  retains 
this  position  of  maximum  contraction,  (ni)  The  period  of  relaxation 
follows  immediately,  but  the  rate  of  relaxation  is  less  rapid  at  the 
beginning  of  this  period  than  toward  the  end.    Note  that  the  period 

Fig.  52 
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Tracing  of  a  doable  muscle  curre.    (Foster.) 


of  relaxation  (3  to  4)  is  longer  than  the  period  of  contraction,  (iv)  If 
the  muscle  is  moderately  loaded  and  the  lever  without  a  rest  or  stop, 
the  muscle  wiU  relax  beyond  its  original  position  of  rest;  that  is,  the 
curve  wiU  pass  below  the  abscissa,  but  will  instantly  recover  itself 
coming  above  the  abscissa.  This  is  simply  an  after-effect  due  to 
the  elasticity  of  the  muscle  and  to  the  general  conditions  to  which 
it  is  subjected. 
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(b)  Suppose  a  muscle  be  given  ft  Second  Stimnhu  before  it  has 
had  time  to  complete  its  response  to  the  first,  what  will  the  result 
be?  Fig.  52  shows  the  typical  result  as  traced  by  Foster,  (i)  Note 
that  the  crest  of  the  second  wave  is  higher  than  that  of  the  first 
(ii)  The  contraction  of  the  second  is  more  rapid  and  its  relaxation 
more  rapid  than  observed  in  the  first  contraction. 

(c)  The  Summfttion  of  the  Effects  of  Stimuli  is  well  illustrated  in 
Waller's  figure  (Fig.  53).  With  a  comparatively  slow-moving  cyl- 
inder and  stimuli  given  at  the  rate  of  10  per  second  the  lever  will 
drop  back  nearly  to  the  abscissa,  to  rise  again  with  another  stimulus. 
With  20  shocks  per  second  the  lever  remains  nearly  stationary. 
With  30  shocks  per  second  the  lever  traces  a  perfectly  straight 
line.  This  is  a  tetanus  of  the  muscle.  Tetanus,  is  a  sustained  con- 
traction of  a  muscle  caused  by  a  series  of  rapidly  repeated  stimuli. 
One  may  voluntarily  bring  a  muscle  into  a  state  of  sustained  con- 
traction.   Though  one  is  not  conscious  of  the  process  which  is  going 


Fig.  58 


Summation  of  contractions ;  composition  of  tetanus.    (After  Waller ) 


on  in  the  nerve  and  muscle,  he  may  infer  from  the  foregoing  that 
during  sustained  contraction  there  is  a  series  of  rapidly  repeated 
stimuli  {motor  impulses)  passing  from  the  central  nervous  system 
to  the  muscle.  The  greatest  number  of  voluntary  movements  which 
one  can  make  in  a  second  is  limited  to  8  or  10.  The  observations 
of  Schaefer  and  of  von  Kries  show  "that  the  graphic  record  of  even 
the  steadiest  voluntary  movement  exhibits  a  tremor"  of  8  to  12 
vibrations  per  second.    (Waller.) 

It  is  generally  accepted  that  in  a  sustained  voluntary  contraction 
the  impulse  frequency  is  about  10  per  second.  Involuntary  con- 
tractions are  slower  in  rhythm;  the  heart  beat  represents  not  a  tetanic 
condition  of  the  ventricles,  but  a  "long  twitch."  Conclusive  evidence 
of  this  is  shown  in  the  fact  that  only  one  change  of  electric  condition 
occurs  in  the  heart  muscle  at  each  contraction. 

{(l)  The  Form  of  the  Muscle  Chirve  is  Modified  by  fhe  Tempentme 
of  the  Muscle. — When  the  temperature  is  only  a  little  below  normal 
the  latent  period  is  longer,  the  rise  less  sudden.    When  the  temper- 
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ature  is  very  low  the  contraction  and  relaxation  are  both  much 
prolonged  and  the  shortening  much  less  than  normal.  (See  Kg.  64.) 
{e)  If  a  muscle  be  subjected  to  a  Series  of  Equal  Stimuli  at  Short 
Intenrala  (6  to  10  per  second),  each  one  of  the  first  10  or  12  con- 
tractions will  be  higher  than  the  previous  one,  giving  rise  to  the 
so-called  "staircase*'  myogram.  This  seems  to  indicate  that  one 
response  better  fits  the  muscle  for  successive  ones. 

Fig.  54 


The  efltect  of  tempermture  upon  moBcalAr  eontraction :  1,  normal ;  2,  cooling ;  3,  yery  cold. 

(Waller.) 

(f)  The  Muscle  Oarre  is  Modified  by  Drags. — Fig.  55  shows  the 
effect  of  veratrin.  Notice  that  though  the  contraction  is  about  as 
sudden  as  usual  the  relaxation  is  much  retarded — ^forty  seconds  not 
sufficing  to  bring  the  lever  back  to  the  abscissa. 

(g)  The  Muscle  Onrre  is  Modified  by  the  Load  which  the  muscle 
must  lift.  A  moderate  load  is  likely  to  act  as  a  supplementary 
stimulus  to  a  muscle  causing  it  to  contract  more  with  the  load  than 
without  it;  as  the  load  is  increased,  however,  two  modifications  may 
be  noted  in  the  myogram:    (i)  The  latent  period  is  longer  because 

Pio.  55 


Efltet  of  Teratrln  upon  the  myogram.    (Waller.) 


more  time  is  required  to  generate  sufficient  energy  to  overcome  the 
inertia  of  the  load,  (ii)  As  the  load  increases  the  curve  becomes 
progressively  lower,  though  the  actual  work  done  may  be  greater. 

2.  Change  in  the  Transyerse  Dimensions  of  the  Mnscle.— The 
volume  of  the  muscle  remaining  practically  the  same,  there  must  be 
an  increase  in  the  transverse  dimensions  sufficient  to  compensate  for 
the  decrease  in  the  length  of  the  muscle.  This  thickening  of  the 
muscle  may  be  recorded  in  two  ways:    (i)  by  resting  the  muscle  on 
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a  horizontal  plate  or  within  a  shallow  horizontal  trough  and  resting 
a  tracing  lever  upon  its  upper  surface;  (ii)  by  clasping  the  muade 
gently  in  a  forceps  lever  and  transmitting  the  movement  through  a 
pair  of  Marey  tambours. 

If  one  places  a  lever  at  each  end  of  a  long  muscle  like  the  sartorius 
it  becomes  at  once  evident  not  only  that  there  is  a  thickening  of  the 
muscle  during  contraction,  but  that  the  thickening  progresses  as  an 
undulation  from  one  end  of  the  muscle  to  the  other  when  the  muscle 
is  stimulated  at  one  end.  The  rate  of  propagation  of  this  wave  has 
been  measured  and  is  equal  to  from  1  to  3  metres  per  second,  accord- 
ing to  the  various  conditions  of  the  experiment. 

3.  The  Work  Done  by  a  Contracting  Muscle. — ^The  conditions 
under  which  most  muscular  contractions  are  studied,  as  outlined  m 
the  foregoing  paragraphs,  make  it  easy  to  estimate  the  work  which 
the  contracting  muscle  actually  performs.  Work  done  equals  the 
product  of  the  weight  raised  and  the  height  through  which  it  b 
raised.  (^=<7XA.)  If  a  muscle  lift  100  gms.  5  mm.  the  work 
equals  50  gm.-cm.  If  a  strong  muscular  contraction  fail  to  lift  a 
weight  no  work  is  done,  though  energy  has  been  liberated  in  the 
muscle.  If  a  loaded  muscle  be  thrown  into  tetanus  work  is  done 
only  when  the  lever  is  raised,  and  not  during  the  time  when  the 
weight  is  sustained.  Energy  is  liberated,  however,  and  the  muscle 
is  fatigued,  but  the  energy  does  not  take  the  form  of  mechanical 
work  in  the  technical  sense  of  that  term. 

The  amount  of  work  which  a  muscle  can  perform  varies  according 
to  several  factors. 

(a)  Work  is  Modified  by  the  Strength  of  the  Stimnlna. — ^The  weakest 
efficient  stimulus — stimulus  of  liminal  intensity — will  cause  a  series  of 
contractions  lifting  a  given  weight  through  a  very  short  distance. 
liCt  the  stimulus  be  gradually  increased,  the  height  of  contraction 
will  be  rapidly  increased  to  a  maximum.  The  stimulus  whose 
intensity  is  just  great  enough  to  cause  the  maximum  contraction  is 
called  the  stimulus  of  optimum  intensity,  I^t  the  stimulus  be 
increased;  the  contraction  will  not  be  greater;  on  the  other  hand, 
it  is  likely  to  Ik?  less  because  of  fatigue  from  overstimulation. 

(6)  Work  is  Modified  by  the  Interval  of  Time  which  elapses  between 
the  stimuli.  The  minimum  interval,  just  short  of  a  tetanic  con- 
traction, is  unfavoraV>le  to  the  muscle  Ix^caUvSe  there  is  a  rapid  accumu- 
lation, within  the  muscle,  of  carbon  dioxide,  and  other  waste  matter, 
which  cause  the  rapid  fatigue  of  the  muscle.  The  optimiun  interval 
is  such  that  the  products  of  katal>olism  incident  to  the  liberation  of 
energy  may  be  carried  away  from  the  muscle  by  the  circulation. 
There  can  hardly  be  an  optimum  interval,  then,  for  a  muscle  which 
has  been  removed  from  the  organism.  '^Fhere  is,  however,  an  interval 
most  favorable  under  the  conditions,  and  that  interval  is  from  one 
to  three  or  four  seconds. 
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Work  is  Modified  by  the  Load. — (a)  The  disposition  of  the  load  : 

a  weight  is  simply  hung  upon  the  lever  it  stretches  the  muscle 
when  the  latter  is  at  rest.  The  muscle  under  these  conditions 
d  to  be  "loaded,"  and  it  becomes  quickly  fatigued,  (ii)  If 
*ver  comes  to  a  rest  at  the  end  of  the  relaxation  of  the  muscle 

is  no  stretching  of  the  muscle  between  contractions.  This 
lied  "after-loading"  a  muscle.  The  short  period  of  absolute 
je  between  contractions  is  advantageous  to  the  muscle,  (iii)  If 
reight  is  caught  at  the  end  of  the  contraction  so  that  the  muscle 
es  without  the  load,  it  is  found  that  the  muscle  can  accomplish 

work  than  is  possible  under  conditions  (i)  or  (ii).  Fick  was 
to  introduce  this  modification  of  conditions  of  muscle  work, 
instrument  which  he  devised  to  accomplish  it  he  called  the 
Jc  adder"  (arbeit  sammler). 

)  The  amount  of  the  load  also  modifies  the  amount  of  the  work 
ti  a  muscle  is  able  to  accompUsh.  A  muscle  will  lift  a  hundred 
iS  as  high  as  it  will  lift  one  gram,  thus  doing  one  hundred 
J  as  much  work  in  one  contraction.  The  total  work  done  in  a 
}  of  contractions  leading  to  fatigue  will  be  greater  for  medium 
pns.  to  100  gms.)  weights  than  for  heavy  weights  (200  gms.  to 
^s.),  though  the  work  of  one  contraction  may  be  several  times 
•eat  in  the  case  of  the  heavier  load. 

)  Work  is  Modified  also  by  the  Dimensions  of  the  Resting  Muscle, 
le  extent  of  a  contraction  varies  with  the  length  of  the  con- 
ing fibres;  while  the  strength  of  the  contraction  varies  with  the 
ber  of  the  contracting  fibres — i.  e.,  with  the  sectional  area  of 
nuscle.  Both  of  the  work  factors  (g  X  h)  are  modified  by  the 
Factors  of  the  muscle  volume;  sectional  area  (a)  and  length  (/); 
is,  g  varies  as  a,  and  h  varies  as  /,  therefore,  g  X  h  varies  as 

/.  Therefore,  the  work  which  a  muscle  can  accomplish  varies 
3  length  multiplied  by  its  sectional  area — i.  e.,  varies  as  its  volume, 

lemical  Changes  which  Take  Place  in  a  Contracting  Muscle. 

le  chemical  composition  of  dead  mammalian  muscle  tissue  is 
dximately  as  given  in  the  following  table : 

Water 75  per  cent,  to  77.5  per  cent. 

Solids 25       "  ••    22.5       " 

Nitrogenous 21      "  "22         ** 

Proteid 18       ••  •»    20 

Nitrogenoos  metabolites  alwut     1       " 

Kreatin.  xantbln,  etc. 

NoD-nltrogenous   ....      about     0.5    "  "     1 

Garbobjdrates,  deztrone                    .0.5    "  "     1 

Inorganic  (carbonate  and  phosphate  of  K  and  Na)  about  1 


It 
It 
It 


ic  difiiculty  of  determining  just  what  chemical  changes  take 
f  in  a  living  muscle  incident  to  its  activity  must  be  evident. 
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The  only  index  of  these  changes  which  present  methods  make 
possible  is  analysis  of  dead  muscle  that  has  been  at  rest  and  of 
dead  muscle  that  has  been  fatigued  just  before  being  killed.  Analysis 
of  the  gas  consumed  and  given  off  by  a  resting  or  contracting  muscle 
also  affords  data.  From  these  various  methods  it  has  been  con-\ 
clusively  determined  that  contracting  muscle  differs  from  resting 
muscle  in  producing:  (i)  more  carbon  dioxide,  and  (ii)  more  nitrog- 
enous waste  matter;  and  in  consuming:  (i)  more  oxygen,  and  (ii)  j 
more  glycogen. 

In  this  connection  it  is  important  to  note  that  the  muscle  is  chemi- 
cally active  when  it  is  apparently  at  rest.  Muscular  tissue  is  the  most 
important  heat-producing  tissue  of  the  body.  Heat  production 
continues  while  the  muscle  is  quiescent.  This  constant  heat  pro- 
duction is  in  part  at  the  expense  of  the  proteids  of  the  muscle  plasma 
(sarcoplasm)  as  well  as  of  the  proteids  of  the  sarcous  elements. 
The  katabolism  of  these  nitrogenous  substances  yields  a  series  of 
nitrogenous  katabolites,  among  which  may  be  enumerated:  kreatin, 
xanthin,  glycin,  and  ammonium  lactate. 

The  reaction  of  muscle  changes  with  vigorous  activity.  Resting 
muscle  is  faintly  alkaline  because  of  the  potassium  and  sodium 
carbonates  and  phosphates  present.  Accumulation  of  carbonic  and 
possibly  other  acid  in  the  muscle  soon  changes  the  reaction  to  a 
distinctly  acid  one. 

The  chemical  changes  which  take  place  in  muscle  will  be  further 
discussed  under  Physiology  of  the  Muscular  System. 


Oalvanometer 
nection 


c.  Thermal  Changes  which  Take  Place  in  a  Contracting  Muscle. 

The  chemical  changes  above  enumerated  are,  in  largest  part, 
oxidations  leading  to  the  production  of  considerable  quantities  of 
HjO  and  CO2.     But  such  changes  are  always  accompanied  by  the 

evolution  of  heat  not  less  surely 

Fio.  56  .  y        A\  '  m  ^ 

in  muscle  than  m  a  furnace. 
Vigorous  and  continued  contrac- 
tions produce  considerable  heat 
One's  impulse  to  be  more  active 
in  cold  than  in  warm  weather  is 
in  response  to  the  need  of  the 
organism  for  more  heat.  Heat 
is  constantly  liberated  in  muscle 
tissue,  but  more  is  liberated  when 
the  muscle  is  actively  contracting 
than  when  at  rest.  This  may 
be  demonstrated  by  the  use  of 
thennoolectric  couples,  one  set  of  which  may  be  introduced  into 
the  gastrocnemius  of  one  side,  the  other  set  into  the  other  gastroc- 


Diugram  of  thermoelectric  couples.  When 
lM)ih  couples  have  the  same  temperature  the 
galvanometer  needle  remains  at  rest. 
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• 

nemius,  while  the  long-connecting  circuit  passes  to  a  galvanometer. 
(See  Fig.  56.)  Any  increase  in  the  temperature  of  the  contracting 
muscle  is  indicated  by  a  deflection  of  the  galvanometer  needle.  This 
arrangement  enables  one  to  demonstrate  the  liberation  of  heat  in 
contracting  muscle.  The  second  needle  may  be  placed  in  a  liquid 
whose  temperature  may  be  raised  or  lowered  to  bring  the  galvan- 
ometer needle  to  rest  at  the  zero  position;  the  temperature  of  the 
liquid  may  be  determined  by  a  delicate  thermometer.  Multiplication 
of  the  number  of  couples  of  needles  makes  the  apparatus  more 
delicate.  Heidenhain  gives  the  rise  of  temperature  for  one  con- 
traction of  a  frog's  gastrocnemius  as  0.001  to  0.005  or  a  degree 
Centigrade;  and  Helmholtz  found  a  rise  of  temperature  amounting 
to  0.14^-0.18®  C.  after  two  or  three  minutes  of  tetanization. 

d.  Electric  Changes  which  Take  Place  in  a  Contracting  Muscle. 

In  the  process  of  dissecting  out  a  muscle-nerve  preparation  one 
is  likely  to  drop  the  cut-ofiF  central  end  of  the  sciatic  nerve  upon 
the  gastrocnemius  muscle.  Should  this  occur  a  contraction  of  the 
muscle  is  almost  sure  to  take  place.    GaFvani  performed  this  experi- 
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ment  and  cited  it  as  a  proof  that  electricity  exists  in  animal  tissues. 
If  one  make  two  preparations  and  lay  them  upon  glass  plates, 
placing  the  nerve  of  preparation  ii  upon  the  muscle  of  preparation  i, 
so  that  it  shall  touch  two  well-separated  regions,  but  not  the  inter- 
mediate portion  of  the  muscle,  the  muscle  of  preparation  ii  will 
contract  when  the  contact  is  made,  and  it  will  probably  repeat  the 
contraction  several  times  on  subsequent  contacts.  Stimulate  prep- 
aration I,  the  muscle  of  ii  contracts  with  every  contraction  of  i. 
Thb  is  called  a  secondary  contraction,  and  preparation  ii  which 
contracts  secondarily  is  called  a  rheoscopic  preparcUion  or  a  **physio~ 
logic  rheoscope*'  What  is  it  in  the  cut-off  nerve  that  causes  a 
contraction  of  its  muscle?  What  is  it  in  a  dissected-out  muscle  (i) 
that  causes  a  contraction  of  a  second  preparation  (ii)  ?  The  stimulus 
which  elicits  a  response  from  the  rheoscopic  preparation  cannot  be 
mechanical.    It  must  be  chemical,  or  thermal,  or  electric.    If  electric, 
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one  should  l>e  able  to  detect  it  through  the  use  of  the  galvanometer 
or  electrometer.  Place  upon  the  centre  and  end  of  a  muscle  contract- 
ing from  mechanical  stimulus,  non-polarizable  electrodes  which  are 
connected  with  a  galvanometer  or  electrometer,  and  a  deflection  of 
the  galvanometer  needle  or  a  change  in  position  of  the  mercuiy 
meniscus  of  the  electrometer  demonstrates  a  difference  of  electric 
potential  of  the  two  regions  of  the  muscle.  This  difference  of  electric 
potential  was  the  stimulus  which  caused  the  secondary  contraction  of 
the  rheoscopic  preparation. 

But  the  latter  contracted  also  when  touched  to  the  resting  muscle. 
It  was  once  supposed  that  the  difference  of  electric  potential  exists 
in  all  muscles  at  rest,  and  the  terms  "current  of  rest"  and  "current 
of  action"  were  used.  Hennann  demonstrated,  however,  that  a 
resting  muscle  when  uninjured  has  no  current  and  that  injury  induces 
a  current  in  a  general  way  proportional  to  the  extent  of  the  injury. 
The  term  "current  of  rest"  then  became  misleading  and  was  dis- 
placed by  the  term  *'  demarcation  current"  or  "current  of  injury" 
It  has  been  found  that:    (i)  Normal  muscle  at  rest  is  isoelectric — 

i,  e,,  gives  no  evidence  of  a  difference  of  elec- 
tric potential  in  different  regions,  (n)  Local 
injury  induces  a  difference  of  potenti€U,  instantly 
indicated  by  the  galvanometer  or  electrometer. 
(hi)  Local  action  induces  a  difference  of  poten- 
tial, indicated  by  the  galvanometer  or  electro- 
meter. The  current  of  a  galvanic  cell  passes 
from  the  zinc  plate  to  the  copper  plate— i.  f., 
from  the  plate  where  there  is  chemical  action 
to  the  plate  where  there  is  no  chemical  action. 
The  current  of  an  injured  musde  passes  from 
the  injured  portion  to  the  normal  portion — 
/.  e,f  from  the  portion  where  there  is  much 
chemical  action  toward  the  portion  where 
there  is  little  chemical  action. 

The  curi^ent  of  action  is,  in  the  same  way, 
from  the  portion  most  active  to  that  least 
active. 

(< )  and  of  the  "current       Both  of  these   factors  may  l>e  at  work  at 

of  action"  ( >).   Also   the  same  time — i.  r.,  an  injured  muscle  mav 

the  "native  variauon"  of  be  made  to  contract.     The  current  of  iniur^ 

needle  durinjf  action  of  in-  i  i        i  i  #1* 

jured  muscle.  passcs    through    the    galvanometer  from   the 

normal  to  the  injured  portion.  The  point  of 
injury  is  the  point  of  least  activity — that  is,  the  change  from  rest 
to  action  will  be  greater  at  the  normal  part.  Therefore,  the  current 
of  action  will  pass  through  the  galvanometer  from  the  injured  to  the 
normal.  Thus  stimulation  of  an  injured  muscle  will  cause  the  needle 
to  swing  back  toward  the  opposite  direction.     ITiis  phenomenon  is 


Normal  r  ^—  Injured 

Diagram  showing  direction 
of  the   "current  of  injury" 
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called  the  negative  variation.  These  relations  are  represented  dia- 
grammatically  in  Fig.  58. 

If  the  electrodes  be  placed  one  upon  the  base  and  one  upon  the 
apex  of  the  ventricle  of  the  heart,  there  will  follow  a  double  variation 
with  each  heart  cycle.  In  the  first  phase  of  the  cycle  the  base  is 
electronegative  to  the  apex,  in  the  second  phase  of  the  cycle  the 
apex  is  electronegative  to  the  base,  thus  leading  to  the  term  "diphasic 
variation"  of  the  heart. 

In  this  connection  it  may  be  stated  that  all  active  tissues  manifest 
the  presence  of  difference  of  potential  in  different  regions.  For 
example,  the  outer  surface  of  the  hand  is  negative  to  the  inner  surface; 
the  fundus  of  a  gland  is  negative  to  the  hilus;  the  optic  nerve  is 
negative  to  the  cornea,  etc. 

.    e.  Fatigue. 

In  response  to  various  stimuli  muscle  tissue  undergoes  changes 
in  form,  in  temperature,  in  electric  condition,  all  of  these  forms  of 
energy  being  liberated  through  the  chemical  changes  which  accompany 
them.  Mention  has  been  made  above  of  the  accumulation  in  the 
muscle  of  the  products  of  the  chemical  changes;  also  of  the  gradual 
decrease  in  the  height  of  successive  contractions  after  the  muscle 
has  been  contracting  many  times.  These  two  phenomena  are  the 
distinctive  phenomena  of  fatigue  and  the  first  is  the  cause  of  the 
second.  I'he  accumulatTon  of  the  products  of  chemical  action  is  the 
\  cause  of  the  progressively  decreasing  power  of  the  muscle. 

The  decreasing  power  of  the  muscle  manifests  itself  by  a  decreasing 
height  of  the  contraction  waves.  Just  at  first  the  waves  may  increase 
in  height — ^the  staircase  contractions.  Following  this  there  will  be 
a  number  of  waves  of  nearly  the  same  length;  finally  the  waves  begin 
to  shorten  up  until  there  is  no  response  to  the  recurring  stimuli. 
Then  the  muscle  is  said  to  be  fatigued.  The  conformation  of  the 
series  of  fatigue  waves  will  vary  considerably  with  the  way  in  which 
the  load  is  disposed.  Fig.  59,  /,  shows  a  typical  fatigue  tracing  from 
an  "after-loaded"  muscle,  while  //  shows  that  from  a  "loaded" 
muscle.  In  the  latter  the  stretching  during  the  period  of  rest  irritates 
the  muscle  and  brings  it  finally  into  a  state  of  typical  tetanus.  The 
fatigue  is  postponed  by  using  the  optimum  strength  of  stimulus — 
the  optimum  rate  and  a  medium  load.  If  a  fatigued  muscle  is  given 
a  few  moments'  respite  or  rest  it  recovers  in  part  and  will  respond 
vigorously  to  subsequent  stimulation,  but  tires  very  quickly  again. 
A  muscle  which  is  in  its  normal  situation,  receiving  the  Ix^nefit  of 
exchange  of  material  through  the  circulation,  will  accomplish  much 
more  work  before  fatiguing  than  will  be  the  case  with  an  excised 
muscle.  Furthermore,  the  intact  muscle  will  recover  in  a  short  time, 
while  the  excised  mqscle  m^ikes  only  a  moderate  recovery  through 
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the  removal  of  CO,  by  diffusion.  Fatigue  is  accompanied  bjr  ■ 
decrease  of  extensibility  and  elasticity;  in  common  words,  fatigue  it 
accompanied  by  stijjneaa. 


f.   Eiffor. 

After  the  death  of  a  muscle  it  undergoes  certain  changes  which 
are  similar  to  those  wiiich  take  place  during  fatigue — namely,  the 
accumulation  of  CO,  and  of  sarcolactic  acid.  Accompanying  these 
chemical  changes  there  is  the  "stiffness  of  death" — rigor  mortia — 
due  to  the  coagulation  of  the  myosin.  If  fresh  muscle  substance 
be  coagulated  by  heat — 50°  to  00°  C. — there  will  also  be  a  fonna- 
tion  of  COj  and  other  katabolitcs,  accompanieil  by  the  "stiffening 
of  heat,"  or  rigor  caloris.  The  three  conditions — viz.,  fatigue  rigor, 
rigor  mortis,  and  rigor  caloris — are  closely  related,  both  physically 
and  chemically. 

3.    THE  RELATION  OF  THE  NERVE  TO  VABIOtTS  STIMULI. 

l^he  living  nerve  in  its  normal  position  in  the  animal  body  functions 
as  a  conductor  of  impulses.  These  impulses  may  arise  in  the  central 
nervous  system  and  be  conducted  to  various  peripheral  organs;  or 
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they  may  arise  in  various  peripheral  (sense)  organs  and  be  conducted 

to  the  central  nervous  system.    In  either  case  the  nerve  neither  adds 

to  nor  subtracts  from  the  original  impulse  which  it  receives,  but 

transmits  it  along  the  course  of  the  nerve  from  one  end  to  the  other. 

Just  how  these  impulses  are  transmitted  is  unknown.     One  can 

follow  the  steps  of  the  chemical  changes  that  are  propagated  along 

a  fuse  or  of  the  physical  changes  that  are  propagated  along  a  wire 

conductor  of  electricity,  but  the  physical  and  chemical  changes 

which  are  propagated  along  the  axis  cylinder  of  a  nerve  are  still 

unknown  quantities  as  to  their  exact  nature.    It  is  generally  accepted 

that  they  are  ultimately  chemical  and  that  the  initiatory  chemical 

(metabolic)  changes  are  accompanied  by  electric  changes,  probably 

also  by  thermal  changes. 

a.  The  Properties  of  Nerve  Trunks. 

The  fundamental  and  essential  property  of  a  nerve  trunk  is  con- 
ductivity. The  experiments  which  are  described  above  make  it 
evident  that  a  nerve  trunk  is  not  only  a  conductor  of  an  impulse, 
but  that  a  stimulus  in  any  part  of  its  course  may  start  at  that  point 
a  change  which  will  be  propagated,  apparently  in  a  perfectly  normal 
way,  to  the  normal  terminus  of  the  nerve,  and  there  transmitted  to 
the  structures  normally  receiving  impulses  from  the  nerve.  For 
example,  an  injury  or  an  electric  shock  to  the  sciatic  nerve  sets  into 
operation  at  the  point  of  the  stimulus  a  change  which  is  propagated 
to  the  muscles  supplied  by  the  nerve,  and  these  structures  give  the 
normal  response  to  the  impulse.  The  second  property  of  a  nerve 
is  irritabiUty  or  excitability. 

6.  Conductivity. 

The  rate  "of  propagation  of  an  impulse  along  a  nerve  may  be 
determined  by  stimulating  a  nerve  near  to  its  muscle,  or  five  or 
six  centimetres  farther  away  from  the  muscle.  The  response  to 
the  stimulus  must  be  recorded  upon  a  rapidly  moving  surface, 
such  as  the  spring  myograph,  and  the  time  in  hundredths  of  a  second 
must  be  recorded  upon  the  same  surface  by  a  tuning  fork  (Fig.  33). 
The  difference  in  time  elapsing  between  stimulus  and  response  in  the 
two  cases  is  the  time  required  to  traverse  the  five  or  six  centimetres 
of  extra  nerve.  In  this  way  the  rate  of  propagation  or  conduction 
may  be  determined.  This  method  of  experimentation  has  given 
the  following  results:  Helmholtz  found  the  rate  of  transmission  in 
the  motor  nerves  of  a  frog  to  be  27  m.  per  second.  The  rate  of 
conduction  in  sensory  nerves  is  about  35  m.  per  second. 

The  conductivity  of  a  nerve  is  decreased  by  low  temperature  and 
increased  by  hi^  temperature. 
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The  conductivity  may  be  destroyed  by  the  direct  application  of 
alcohol  or  ether  to  the  nerve  trunk,  while  its  irritability  will  not  be 
much  affected.  'Xarbon  dioxide  may  destroy  the  irritaUlity,  thou^ 
leaving  the  conductivity  unimpaired."     (Lombard.) 

A  strong  constant  current  decrecLses  the  conductivity  of  a  nerve  in 
the  region  of  the  anode  during  the  passage  of  the  current  and  in  ike 
region  of  the  kathode  after  removal  of  the  current.  This  modification 
of  conductivity  may  be  callerl  Law  III.  of  electrotonus;  Lav?s  I.  and 
//.  were  given  above. 

c.  Irritability. 

If  a  constant  current  traverse  a  nerve,  entering  and  leaving  by 
non-polarizable  electrodes,  the  ner\'e  will  be  thrown  into  a  state 
called  electrotonus.  The  condition  of  electrotonus  is  characterized 
by  a  moderate  change  in  conductivity,  mentioned  above,  and  a 
profound  change  in  irritability.     The  irritability  of  the  nerve  is 

Fig.  60 


Diagram  illustrating  electrotonus.  N.-P.E.,  non-polarizable  electrodes;  An.,  anode;  KL, 
kathode ;  /,  F,  curre  illustrating  degree  of  irritability— decreased  in  the  region  of  the  anode  and 
increased  in  the  region  of  the  kathode. 

increased  in  the  region  of  the  kathode  and  decreased  in  the  region 
of  the  anode.  In  Fig.  60  the  line  Aio  B  may  serve  for  both  nerve  and 
abscissa.  The  curve  /  to  7'  indicates  the  degree  of  irritability;  note 
that  the  irritability  is  increased  in  the  region  of  the  kathode  and 
decreased  in  the  region  of  the  anode.  It  indicates  also  that  the 
influence  of  the  two  electrodes  decreases  as  the  distance  from  the 
pole  increases;  and  that  in  the  intrapolar  region  there  is  a  neutral 
area  where  the  irritability  is  neither  increased  nor  decreased.  The 
region  of  decreased  irritability  in  the  neighborhood  of  the  anode 
is  said  to  be  in  a  condition  of  anelectrotonus;  the  region  of  increased 
irritability  in  the  neighborhood  of  the  kathode  is  said  to  be  in  a 
condition  of  kai electrotonus.  The  change  in  irritability  manifests 
itself  when  a  stimulus  is  applied  to  the  nerve  in  the  region  of  anelectro- 
tonus or  of  katelectrotonus.  Arrange  the  apparatus  as  indicated  in 
the  diagram  (Fig.  Gl).  Through  the  agency  of  commutator  C  one 
can  make  either  electrode  the  kathode  by  reversing  the  current. 
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Through  commutator  C"  one  can  throw  the  stimulus  at  m,  the 
muscular  end  of  the  nerve,  or  at  c,  the  central  end  of  the  nerve. 
Arrange  the  apparatus  so  that  the  kathode  is  near  the  muscle  as 
indicated  in  the  figure.  Before  *'  making"  the  constant  or  "polarizing" 
current  stimulate  with  the  induced  current  at  m  or  c,  using  a  "break 
shock"  that  will  cause  a  moderate  contraction — i,  e.,  bring  the 
secondary  coil  just  inside  the  minimum  limit  of  stimulation.  Turn 
on  the  polarizing  current  after  a  few  moments,  stimulate  at  m,  in  the 
katelectrotonic  region;  the  response  will  be  noticeably  greater  than 
the  normal.  Stimulate  at  c  in  the  anelectrotonic  region;  the  response 
will  be  noticeably  less  than  the  normal.  Reverse  the  direction  of  the 
polarizing  current,  bringing  the  anode  nearer  to  the  muscle.  The 
region  which  before  was  in  a  condition  of  katelectrotonus  is  now 
in  a  condition  of  anelectrotonus  and  conversely.    Stimulate  in  the 


Fig.  61 


ArmDgeroeut  of  appamtUB  for  demonstrating  electrotonus. 

r^on  m  and  the  response  will  now  be  less  than  normal  because 
the  irritability  of  the  nerve  has  been  decreased  in  the  region  of  the 
anode,  in  the  region  of  anelectrotonus.  On  the  other  hand,  the 
response  at  c  will  be  greater  than  normal  because  of  the  influence 
of  the  kathode,  inducing  a  state  of  katelectrotonus.  These  facts  are 
summed  up  in  a  law  of  electrotonus: 

Law  IV.  The  passctge  of  a  constant  current  through  a  nerve  modifies 
Us  irrUabilUy,  increasing  it  in  the  region  of  the  kathode  (state  of 
katelectrotonus)  and  decreasing  it  in  the  region  of  the  anode  (state 
of  anelectrotonus). 

/     d.  Pflueger's  Law  of  Contraction.  \ 

If  one  stimulate  the  nerve  of  a  muscle-nerve  preparation,  and 
note  visually  or  graphically  the  response  which  the  muscle  gives, 
be  will  find  that  with  uniform  and  favorable  conditions  the  prepa- 
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ration  will  respond  in  a  uniform  way  to  a  varying  stimulus.  The 
stimulus  should  be  varied  in  two  ways:  (i)  as  to  direction;  (n)  as 
to  strength.  If  the  current  pass  along  the  nerve  toward  the  musde— 
i.  e.,  the  kathode  being  placed  nearer  to  the  muscle — the  current  is 
called  a  ** descending**  one;  if  the  anode  is  nearer  to  the  muscle  the 
current  is  called  an  *'  ascending**  one. 

To  vary  the  strength  of  a  current  one  should  use  either  a  simple 
rheocord  or  a  Du  Bois-Reymond  rheocord,  so  that  the  strength  may 
be  varied  by  infinitesimal  increments.  Non-polarizable  electrodes 
are  preferable,  though  platinum  electrodes  may  be  used  with  good 
results.  Choose  healthy,  vigorous  frogs;  pith  them  two  or  three 
hours  before  they  are  to  be  used.  Protect  the  preparation  against 
rapid  drying  by  mounting  it  in  a  moist  chamber.  With  all  concfitions 
favorable  the  results  will  be  as  follows:  A  very  weak  tlescending 
current  will  affect  the  muscle  first,  causing  a  slight  contraction  on 
make.  With  a  somewhat  stronger  current  there  will  be  a  contraction 
on  make  of  both  ascending  and  descending  currents.  A  further  increase 
in  the  strength  of  current  will  call  forth  a  response  on  both  make  and 
break  of  both  ascending  and  descending  currents.  As  the  current  is 
gradually  increased  from  this  point  it  will  be  noted  that  the  con- 
tractions are  not  equal  in  extent;  some  are  stronger  and  some  are 
weaker;  the  weaker  ones  finally  drop  out  and  the  stronger  ones 
increase  in  strengtli.  These  strong  contractions  occur  on  the  make 
of  the  descending  current  and  on  the  break  of  the  ascending  current. 
The  results  mav  be  thus  tabulated: 
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It  now  lKxx)nies  necessary  to  account  for  these  results,  using  the 
laws  which  have  lxH:»n  fonnulateil.  To  that  end  let  us  here  present 
the  laws  again. 

l^w  I.  The  make  sfiinulus  is  kathodic  (KMC);  the  break  stimulus 
is  anodic  [ABO. 

I^w  II.  The  make  or  kaihodic  stim  ulus  of  a  current  is  more  irriioHng 
to  nerve  or  mu.tcle  than  the  break  or  aruxlic  stimulus. 

Law  III.  .1  strong  constant  current  decreases  the  conductivity  of 
a  nerve  in  the  region  of  the  anode  during  the  passage  of  the  current 
and  in  the  region  of  the  kathode  after  removal  of  the  current. 

I>aw  IV.  The  ixissage  of  a  constant  current  through  a  nerve  modifies 
its  irritability,  increasing  it  in  the  region  of  the  kathode  (state  of 
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katelectrotonus)  and  decreasing  it  in  the  region  of  the  anode  (state  of 
anelectrotonus) . 

The  results  tabulated  above  may  be  graphically  represented  as 
shown  in  the  accompanying  figure  (Fig.  62). 

Note  that  with  a  weak  descending  current  there  is  a  "  kathodic  make 
contraction"  (KMC) ;  that  with  a  medium  descending  current  there 
is  both  an  "anodic  break  contraction"  (ABC)  and  a  "kathodic 
make  contraction"  (KMC).  The  other  indicated  results  will  be 
found  to  correspond  to  the  table.  \\Tby  is  there  a  kathodic  make 
contraction  only,  with  a  weak  descending  current?  Because  (i)  the 
make  contraction  starts  at  the  kathode  (I>aw  i);  (11)  there  will  be  a 
kathodic  contraction  before  there  is  an  anodic  contraction  in  accord- 
ance with  Law  11.  These  laws  account  also  for  the  results  obtained 
with  an  ascending  current.  With  a  medium  current,  kathodic  make 
contraction  is  in  response  to  Law  i.  The  fact  that  there  is  an  anodic 
break  contraction  indicates  that  in  response  to  Law  11  the  break 
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DUgnuD  itaowing  schematically  the  results  of  PflOger's  law  of  contraction.    KMC,  kathodic 

make  contraction ;  ABC,  anodic  break  contraction. 

stimulus  has  become  sufficiently  strong  to  cause  a  response.  The 
same  thing  is  true  for  both  ascending  and  descending  currents.  In 
the  case  of  a  strong  descending  current  we  get  a  kathodic  make 
cont];action  in  response  to  Law  i.  In  response  to  an  anodic  break 
stimulus  there  is  no  contraction  because  according  to  Law  iii  the 
conductivity  is  decreased  in  the  region  of  the  kathode  at  the  moment 
of  the  break  of  a  strong  current.  At  the  make  of  a  strong  ascending 
current  there  is  no  response,  though  there  has  been  a  strong  kathodic 
stimulus  because  the  conductivity  of  the  nerve  is  much  decreased  in 
the  region  of  the  anode  during  the  passage  of  the  strong  current 
fl^w  III).  In  this  case  the  anodic  break  stimulus  causes  a  con- 
traction because  the  region  of  reduced  kathodic  conductivity  is  not 
between  the  stimulated  point  and  the  muscle. 

f.  \The  Application  of  the  Laws  of  Electrotonus.  \ 

In  the  application  of  the  laws  of  electrotonus  to  the  pr()l)lems 
of  electrodiagnosis  or  electrotherapeutics   there  are    some  compli- 
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eating  factors  to  consider.  If  the  electrodes  (usually  metallic  platei 
covered  with  chamois  or  sponge  which  is  moistened  when  in  use) 
are  placed  over  the  course  of  a  nerve  the  current  will  diffuse  widely 
through  the  tissues  from  the  anode  and  converge  again  upon  the 
kathode  on  leaving  the  tissues.  (See  Fig.  63.)  Let  N  N'  represent  a 
nerve  trunk,  the  current  enters  it  at  a  a  n,  traversing  it  and  leaving 
by  £  J:  i:.  As  the  current  converges  toward  the  kathode  it  traverses 
the  nerve  tnmk  again,  entering  it  at  a'  a'  a'  and  leaving  aXif  y  i^. 


AppUcalioD  of  ihe  lavs  ot 


But  the  point  where  a  current  enters  a  nerve  is  called  the  anode, 
and  the  point  where  it  leaves,  the  kathotle.  lliis  leads  to  the  differ- 
entiation of  four  physiologic  poles,  while  there  are  only  two  physical 
|>oles. 

(i)  The  physiologic  anode  under  the  physical  anode  (o,  a,  etc.). 
(ii)  The  physiologic  kathode  under  the  physical  anode  (k,  k,  etc.). 

(ill)  The  physiologic  anode  under  the  physical  kathode  (a',  a*,  etc.). 

(iv)  The  physiologic  katho<le  under  the  physical  kathode  (f  ,jt/,etc.). 

A  contraction  caused  by  the  influence  of  the  current  at  the  phyao- 
logic  kathode  under  the  physical  anode  is  called  an  anodic  make 
contraction  {AMC).  A  contraction  caused  by  the  influence  of  the 
current  at  the  physiologic  anode  under  the  phy^eal  anode  is  called 
anodic  break  contraction  {ABC).  In  a  similar  way  there  may  be 
a  katliodic  make  contraction  (KMC),  and  a  kathodic  break  con- 
traction IKISC). 

It  is  iinp«>rlunt  to  determine  which  of  tlie.>*  various  stimuli  will 
lie  most  effwtive.  In  addition  to  the  above  laws  of  electrotoQus  one 
will  need  to  apply  a  fifth  law. 
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I.AW  V.  The  denser  the  current,  cdl  other  things  being  equal,  the 
stronger  the  stimulus.  In  the  figure  note  that  the  current  is  denser 
at  the  physiologic  anode  under  the  physical  anode  than  at  the 
physiologic  kathode  under  the  physical  anode. 

The  kathodic  make  contraction  is  stronger  than  the  anodic  break 
contraction. 

(1)  KMO  ABC, 

This  is  in  accordance  with  Laws  i  and  ii,  Law  v  not  applying  here 
because  the  density  is  the  same,  providing  the  nerve  is  equally  near 
the  surface  under  the  two  poles.  For  similar  reasons,  the  anodic 
make  contraction  is  stronger  than  the  kathodic  break  contraction. 

(2)  AMOKBC. 

If  KMC  is  greater  than  ABC  and  if  AMC  is  greater  than  KBC 
we  may  conclude  that: 

(3)    KMC^^  AMC>  ABC  +  KBC, 

or  the  sum  of  the  make  stimuli  must  be  greater  than  the  sum  of  the 
break  stimuli;  in  consequence  of  this,  the  contraction  which  occurs 
at  make  (in  response  to  the  double  stimulus)  is  greater  than  the 
contraction  which  occurs  at  break  (in  response  to  the  double 
stimulus). 

The  anodic  make  contraction  (AMC)  may  or  may  not  be  stronger 
than  the  anodic  break  contraction  (ABC) — i.  e.: 

(4)    AMC>  ABC  or  AMC  <  ABC. 

In  this  case  we  have  the  stronger  effect  at  the  physiologic  kathode 
(I^w  i)  to  offset  the  greater  density  of  the  current  at  the  physiologic 
anode  (Law  v);  one  may  be  stronger  than  the  other,  but  the  difference 
is  at  most  slight. 

We  are  now  in  a  position  to  understand  what  will  take  place 
when  the  current  is  progressively  increased  from  weak  to  strong. 
Ilie  results  may  be  thus  tabulated : 


Weak  Current  .     . 

.     .    KMC 

Medium  Current    . 

.     .    KMC 

AMC 

ABC 

Strong  Current .     . 

.     .    KMC 

AMC 

ABC 

KBC 


The  above  table  gives  the  normal  reaction.  //  degeneration  has 
made  some  progress  the  weak  current  elicits  the  anodic  make  contraction 
{AMC)  before  it  does  the  kathodic  make  contraction  {KMC),  an 
important  fact  in  electrodiagnosis. 
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B.  THE  GEMKKAL  STRUCTURE  AND  FUNCTION  OF  THE 

NERVOUS  SYSTEM.^ 

We  have  studied  the  way  in  which  contractile  and  irritable  tissues 
respond  to  certain  external  and  artificial  stimuli.  Before  we  enter 
upon  the  special  physiology  of  the  various  organs  and  systems  of 
organs  it  will  be  profitable  for  us  to  consider  briefly:  (i)  what  relation 
nervous  tissue  bears  to  the  organism  as  a  whole;  (n)  whence  come 
the  various  stimuli  which  influence  the  operation  of  the  different 
organs  and  tissues  of  the  body;  (iii)  what  tissues  (besides  contractile 
tissues)  are  influenced  in  their  actiN^ty  by  the  central  nervous  system. 


1.  GENERAL  GONSTRUCTION  OF  THE  NERVOUS  SYSTEM  AND 
ITS  RELATION  TO  THE  OROANISM  AS  A  WHOLE. 

Though  the  tissue  of  the  ner>'Ous  system  is  disposed  in  prominent 
structures  which  may  be  called  organs — e.  gr.,  brain^  spinal  cord,  etc. 
— these  structures  are  not  organs  in  the  same  sense  that  the  lungs 
are  organs  belonging  to  the  respiratory  system.  The  whole  nervous 
system  is  really  one  organ.  This  organ  is  composed  of  (i)  a  parenchy- 
mal tissue,  which  is  the  specialized  tissue  of  the  organ,  endowed  with 
a  specialized  function,  and  (ii)  a  supporting  tissue.  As  in  other 
organs,  so  here  the  supporting  tissue  l>elongs  to  the  connective-tissue 
series,  the  more  delicate  connective  tissue  of  the  deep-lying  portions 
of  the  central  nervous  system  being  somewhat  specialized  and  called 
neuroglia,  while  the  remainder  represents  the  more  common  forms 
of  areolar,  fibrous,  and  elastic  connective  tissues. 

a.  The  Neurone. 

The  parench\Tnatous  or  active  tissue  of  the  nervous  system  is  com- 
posed of  nerve  cells.  The  nerve  cell  is  so  highly  specialized  a  structure 
that  it  has  received  the  special  name  Xeurone.  The  neurone  is  the 
unit  of  stnicture  of  the  nervous  system.  A  neuratie  (see  Fig.  64) 
consists  of  a  neural  cell  bodf/  trith  all  of  its  processes. 

The  protoplasm  of  the  cell  bo<ly  presents  a  delicate  fibrillated 
structure.  The  fihrillfe  seem  to  l)e  continuous  with  those  which 
constitute  the  one  or  two  axis  cylinders  which  are  among  the  cell 
processes.     Besides  the  fibrils,  the  cell  protoplasm  is  more  or  less 

1  The  student  is  not  in  a  position  to  comprehend  the  way  in  which  Uie  tuIoos  lysteiiis  of 
organs  and  tissues  circulatory  system,  respiratory  system,  digestive  lyiteiii,  etc)  are  gOTemed, 
how  they  are  influenced  by  outside  conditions,  and  how  one  lystem  exerts  mn  infloence  upon 
another,  unless  he  has  at  least  a  general  idea  of  the  construction  of  the  nerroQi  lyitem  and  the 
functions  of  its  various  structures.  It  is  the  object  of  this  section  to  giTea  brief  ootUne  of  the 
most  essential  features  of  the  nervous  S3rstem. 
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charged  with  fine,  dark  granules  (chromophiles),  which  are  important 
in  the  metabolism  of  the  cell,  increasing  during  periods  of  rest  and 
decreasing  during  periods  of  activety.  Occupying  a  fairly  central 
position  in  the  cell  body  is  a  relatively  large  nucleus,  with  a  distinct 
nucleolus. 

The  cell  processes  are  numerous  and  complex.  As  to  structure 
they  may  be  arranged  in  two  classes:  (i)  The  protoplasmic  process 
— short  and  much  branched,  their  tree-Uke  appearance  giving  them 
the  name  Dendrites,  (ii)  The  axis-cylinder  process,  which  is  usually 
much  elongated,  little  branched  near  the  cell  body,  and  usually 
insulated  in  a  medullary  sheath.  As  to  function,  cell  processes  either 
bring  impulses  to  the  cell  body  or  they  carry  impulses  away  from  it. 
Those  which  bring  impulses  to  the  cell  body  are  called  afferent  cell 
processes,  and  those  which  carry  impulses  away  are  called  efferent 
processes.   The  protoplasmic  processes  are  without  exception  afferent. 

If  a  cell  has  only  one  axis  cylinder  it  is  without  exception  efferent. 
If  it  has  two,  one  of  them  is  afferent  and  one  efferent.    These  facts 
readily  lead  to  confusion  in  the  use  of  terms.    To  avoid  this  con- 
fusion the  best  authorities  are  now  adopting  a  new  term  to  represent 
the  efferent  process — the  term  Neuraxone  or  Neurite,  or  Axone., 
As  now  understood  the  term  dendrite  always  refers  to  an  afferent^ 
process.  All  neuraxones  are  axis  cylinders  structurally.   Most  dendritesj 
are  protoplasmic  processes,   but  some   (the  sensory  nerves)  have 
become  modified  into  axis  cyHnders.  ^ 

6.  Features  of  the  Spinal  Cord. 

The  nerve  trunks  with  which  one  deals  in  the  experiments  in 
muscle-nerve  physiology  are  really  bundles  of  insulated  axis  cylinders. 
They  normally  carry  motor  impulses  to  the  muscles  from  the  cell 
body  which  they  represent.  But  where  is  this  cell  body  located? 
If  one  follow  the  nerve  trunk  he  will  find  that  just  before  reaching 
the  central  system  it  divides  into  two  roots,  an  anterior  (or  ventral) 
root  and  a  posterior  (or  dorsal)  root.  If  the  anterior  root  be  stim- 
ulated one  will  observe  the  same  response  as  if  the  trunk  had  been 
stimulated  in  the  same  way  nearer  to  the  muscle.  If  the  posterior 
root  be  stimulated  no  such  response  will  be  observed.*  One  is 
justified  in  inferring  that  the  neuraxones  which  he  is  tracing*  left  the 
spinal  cord  by  the  anterior  roots.  A  transverse  section  of  the  spinal 
cord  should  show  the  large  cell  bodies  in  the  anterior  gray  horn. 
(See  Fig.  65.)  Note  their  numerous  branches.  In  a  few  cases  the 
neuraxones  may  be  traced  into  the  nerve  bundles  which  make  up 
the  anterior  root.     From  the  accompanying  diagram  note  that  the 

1  There  may  be  a  general  response,  the  nature  of  which  will  be  explained  later;  but  there  will 
be  no  definite  response  of  the  particular  muscles  supplied  by  the  motor  nerve  In  qnestion. 
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motor  neurone  in  question  is  in  communication — through  its  dendrites : 
(i)  with  motor  neurones  from  the  brain  and  (ii)  with  sensory  neurones. 
(See  Fig.  66.) 

Ilie  motor  neurone  nonnally  sends  a  motor  impulse  to  the  muscle 
which  it  supplies,  only  when  it  receives  an  impulse  through  its 
dendrites.  From  the  connection  which  it  ha^  it  is  evident  that  it 
may  receive  such  an  impulse  from  one  or  the  other  of  two  sources: 
(l)  from  the  brwn;  (ii)  from  the  sensory  nerves.  If  the  motor  impulse 
origiDates  in  the  brain  it  is  sent  through  the  central  motor  neurone 


le  flue  nMwork  of  medulUry  flbrei  Id  tin  mT  DuUeT  *nd  tlia  network  at  medullirr 
fudcull  Id  tlM  oUiairln  frar  pcateilor  ooDiiDlMnra  are  Dot  iboim.  Aeh,  uiUTlor  gaj  bora ; 
tfk,  posMrtor  tPT  honi.    (Bdlnger.  Met  Dallera.) 

to  the  peripheral  motor  neurone,  thence  through  it  to  the  muscle. 
Two  neurones,  two  cells,  are  required  to  transmit  an  impulse  from 
the  brain  to  the  peripheral  organs.  This  holds  good  for  secreting 
and  excreting  organs  as  well  as  for  motor  organs.  But  the  peripheral 
motor  neurone  may  be  influenced  by  sensory  neurones,  by  neurones 
which  bring  impulses  to  the  central  nervous  system  from  the  skin 
and  various  sensitive  organs  of  the  periphery.  Note  in  the  diagram 
that  these  peripheral  sensory  neurones  (sensory  neurones  of  the  first 
order)  enter  the  spinal  cord  by  the  posterior  root,  and  that  they  com- 
municate (i)  either  directly  or  indirecUy  with  a  motor  neurone;  (ii) 
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either  directly  or  indirectly  with  the  brain.  Note  that  a  spinal  ganglion 
(Sp)  is  located  upon  the  posterior  root.  This  ganglion  of  the  posterior 
root  is  the  location  of  the  cell  bodies  of  the  peripheral  sensory  neurones. 
From  the  peripheral  sense  organ  to  the  cell  body  in  question  the 
impulse  is  conducted  along  an  afferent  axis  cylinder  which  is  a 
modified  dendrite.  From  the  cell  body  the  impulse  is  conducted 
into  the  spinal  cord  along  an  efferent  axis  cylinder  or  neuraxone. 
Hiis  neuraxone  sends  off  collateral  branches  which  communicate 
directly  with  peripheral  motor  neurones  of  the  same  segment,  or 
indirectly  with  motor  neurones  of  neighboring  segments  of  the  cord, 
or  finally  directly  or  indirectly  with  the  brain  through  a  central  sen- 
sory neurone  (or  neurone  of  the  second  order). 


2.  OBNB&AL  FUNCTIONS  OF  THB  NERVOUS  SYSTEM. 

a.  Reflex  Action. 

A  careful  study  of  these  relations  between  the  sensory  and  motor 
neurones  makes  it  evident  that  the  activity  of  any  peripheral  motor 
(or  glandular)  organ  may  be  influence<l  in  one  or  the  other  of  two 
ways:  (i)  Through  the  direct  influence  of  impulses  entering  the 
central  system  by  the  sensory  neurones  of  the  same  (or  neighboring) 
segment  which  furnishes  the  motor  nerve  supply;  or  (ii)  through  the  I 
influence  of  the  brain.  The  first  method  of  influencing  the  activity  ' 
of  an  organ  is  called  reflex.  Note  that  reflex  action  involves  typically 
two  neurones:  the  peripheral  sensory  neurones  and  the  peripheral 
motor  neurone.  Reflex  response  to  a  stimulus,  as  when  one  jerks 
his  hand  from  a  hot  object,  is  accomplished  in  the  following  manner; 
(i)  The  sensory  nerve  endings  in  the  skin  are  stimulated  by  the  hot 
object ;  (ii)  the  stimulus  starts  a  message  or  impulse  along  the  afferent 
nerve  to  the  cell  body  in  the  posterior  root  ganglion;  (iii)  the  cell 

oolamni  (e).  4.  Fibres  to  the  central  and  especially  the  medial  anterior  horn  cells  (commissural 
cells).  &.  Pll»eB  to  the  posterior  bom  cells,  (b)  The  long  tracts  (6)  pass  first  into  Burdach's 
eolomn,  higher  also  into  Goll's  column,  and  thus  to  the  nuclei  of  the  posterior  columns  in  the 
medulla.  (Here  they  Join  the  fillet.)  B.  The  central  neurone.  It  begins  with  the  cells  of  the 
terminal  places  of  the  peripheral,  enumerated  under  2  to  6.  1.  From  those  which  have  been 
ennmerated  under  2  as  "  column  cells  "  arise  the  fibres  of  the  anterior  ground  bundle  of  the  same 
sMie  (/a/)  (/)and  the  columns  of  Gowers  (O).  2.  From  those  mentioned  under  8:  the  lateral 
eerebellar  tract  of  the  same  side  (Cb).  8.  From  those  under  4 :  fibres  which  cross  in  the  anterior 
eommiasure  to  the  anterior  lateral  column  {/al)  ( fi)  to  ascend  in  the  other  side.  4.  From  those 
ander  5 :  fibres  to  the  lateral  limiting  layer  ( /I)  and  to  the  ventral  field  of  the  posterior  columns. 
In  addition  to  this  is  represented  the  manner  in  which  the  collaterals  are  given  oif  and  the 
termination  of  the  central  short  tracts  (which  quickly  bend  again  into  the  gray  substance)  of 
the  anterior  lateral  columns,  the  "  inland  cells"  (Golgi)  in  the  posterior  horn  ;  the  decussation 
in  the  posterior  commissure  is  not  clear.  There  are  contained  in  the  posterior  roots  apparently 
other  indiridual  fibres  which  have  their  neurone  cells  in  the  anterior  horn,  but  in  man  this  is 
not  yet  aatlsliactorily  estobllshed.    (Whitaker.) 
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receives  the  impulse  and  transmits  it  along  the  efferent  neuraxone 
to  neighboring  motor  neurones  (and  to  the  brain);  (iv)  the  motor 
neurones  respond  to  this  stimulus  by  causing  in  certain  muscles  of 
the  arm  the  contraction  necessary  to  remove  the  hand  from  the 
painful  object. 

6.  Voluntary  Action. 

In  the  mean  time  the  sensory  impulse  has  been  transmitted  to 

the  brain  and  the  individual  becomes  conscious  not  only  that  his 

hand  has  suffered  an  injury,  but  that  a  reflex  act  has  occurred  through 

which  the  hand  has  been  removed  from  the  inmiediate  danger. 

The  consciousness  of  injury  aroused  in  the  brain  may  be  the  stimulus 

to  further  acts  on  the  parts  of  the  organism  toward  further  protection 

\         or  toward  repair  of  injury  already  done.     These  secondary  and 

I        conscious  acts  of  adaptation  cannot  be  classified  as  reflex;  they  are 

I        voluntary  acts,  suggested  by  the  brain,  which  in  turn  is  actuated  by 

I         the  stimulus  described  above,  possibly  also  by  visual  and  other 

supplementary  stimuli. 


c.  Nerve  Centres. 

1.  Centres  in  the  Spinal  Cord. — In  describing  reflex  action  each 
segment  of  the  cord  has  been  described  as  a  centre  toward  which 
afferent  impulses  come,  and  from  which  efferent  responsive  impulses 
are  sent  out.  Each  segment  of  the  spinal  cord  is  thus  a  fnoior  centre 
for  a  limited  number  of  muscles.  But  there  are  other  centres  in  the 
spinal  cord.  There  are  centres  which  preside  over:  (i)  the  nutrition 
of  tissues — L  e.,  trophic  centres  to  muscles,  nerves,  bones,  joints; 
(ii)  walls  of  bloodvessels — i.  ^.,  vasomotors;  (iii)  secretion  of  skin — 
sweat  centres;  (iv)  centres  connected  with  micturition,  erection  of  the 
penis,  parturition,  and  defecation. 

The  motor,  trophic,  and  vasomotor  centres  are  distributed  along 
the  whole  extent  of  the  spinal  cord;  but  the  centres  enumerated 
under  (iv)  are  probably  located  in  the  lumbar  enlargement  of  the 
cord. 

2.  Centres  in  the  Medulla  Oblongata.— In  the  spinal  bulb,  or 
medulla  oblongata,  there  are  numerous  reflex  centres,  whose  action 
will  be  discussed  later: 

(i)  Respiratory:  (ii)  vasomotor:  (in)  cardiac  centres;  (iv)  also 
centres  for  couching,  sneezing,  mastication,  deglutition,  vomiting, 
co-ordinating,  convidsor,  closure  of  eyes,  dilatation  of  pupil,  salivary, 
sudorific,  diabetic,  etc.  Most  of  these  centres  are  located  in  the  floor 
of  the  fourth  ventricle. 

3.  Centres  in  the  Brain. — (a)  The  Cerebellum  contains  the  fol- 
lowing centres:  (i)  centres  for  the  co-ordination  of  movem«i/*;  (n) 
emotional  centres;  (in)  centres  for  muscle  tonus. 
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(b)  The  Oerebmm  contains  the  following  centres:  (i)  smell; 
(ii)  taste;  (iii)  hearing;  (iv)  vision;  (v)  speech;  (vi)  various  motor 
centres;  (vn)  thermogenic  centres. 


3.  THE  8TMPATHBTIC  NERVOUS  SYSTEM. 

The  sympathetic  nervous  system  is  so  called  because  it  brings  into 
harmonious  and  sympathetic  action  the  work  of  the  organs  of  the 
pleuroperitoneal  cavity.  This  so-called  system  is  not  independent 
in  action  or  separate  in  structure  from  the  central  nervous  system. 

a.  Structiire  of  the  Sjrmpathetic  System. 

The  sympathetic  nervous  system  consists  of  a  double  chain  of 
ganglia,  one  chain  on  each  side  of  the  vertebral  column  throughout 
the  length  of  the  vertebral  column;  the  several  ganglia  of  each  chain 
corresponding  roughlv  to  the  vertebral  segments. 

1.  The  Cervical  Sympathetic  Chain.— This  chain  of  ganglia 
consists  of  three  pairs  called  the  superior,  middle,  and  inferior 
cerv'ical  ganglia  of  the  sympathetic  system.  The  superior  cervical 
ganglion  receives  communicating  rami  from  the  glossopharyngeal 
vagus  and  hypoglossal  and  the  first  four  cervical  nerves,  and  sends 
branches  to  the  laryngeal  plexus,  to  the  external  carotid  plexus, 
to  the  cardiac  plexus,  and  a  communicating  branch  to  the  middle 
cervical  ganglion.  The  middle  cervical  ganglion,  besides  having 
communication  anteriorly  with  the  superior  cervical  and  posteriorly 
with  the  inferior,  receives  communicating  rami  from  the  fifth  and 
sixth  cervical  nerves  and  sends  branches  to  the  thyroid  gland  and 
one  branch  to  the  cardiac  plexus.  The  inferior  cervical  is  joined 
to  the  first  dorsal  and  the  middle  cervical,  receives  communicating 
rami  from  the  seventh  and  eighth  cervical,  and  sends  a  branch  to 
the  cardiac  plexus. 

2.  The  Thoracic  Sympathetic  Chain.^This  consists  of  twelve 

ganglia  joined  with  each  other  by  communicating  branches  joined 
anteriorly  with  the  inferior  sympathetic  directly  and  with  the  same 
ganglia  indirectly  through  a  trunk  which  passes  ventral  to  the  sub- 
cla>ian  artery,  thus  completing  a  loop  called  the  annulus  of 
Vieussens.  Each  ganglion  receives  communicating  rami  from  the 
corresponding  intercostal  nerves.  The  first  five  thoracic  ganglia 
send  branches  to  the  aorta;  the  remaining  thoracic  ganglia  con- 
tribute fasciculi  to  splanchnic  nerves,  which  nerves  in  turn  send 
branches  to  the  oesophagus,  to  the  aortic  plexus,  to  the  solar  plexus, 
and  to  the  suprarenal  plexus. 

3.  The  Lumbar  Sympathetic  Chain  consists  of  five  ganglia 
communicating  with  each  other  and  with  the  corresponding  lumbar 
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3rves  in  a  manner  somewhat  similar  to  that  described  above  for 
le  other  sympathetic  ganglia.  Each  ganglion  contributes  branches 
)  the  sympathetic  plexuses  of  the  abdominal  and  pelvic  viscera. 

4.  The  Sacral  Sympathetic  Chain  is  composed  of  five  ganglia 
ith  communications  similar  to  those  described  for  the  preceding 
ortion  of  the  sympathetic  system  and  give  contributions  to  the 
irge  visceral  plexuses  of  the  pelvis,  particularly  to  those  of  the  lower 
owel  and  sexual  apparatus. 

5.  The  Coccygeal  Sympathetic  Chain  consists  of  one  gangUon 
.dng  ventral  to  the  coccyx,  and  unpaired. 

6.  Visceral  Plexuses  of  the  Sympathetic  System. 

No  attempt  will  here  be  made  to  describe  in  detail  the  numerous 
ources  of  these  plexuses,  though  they  have  been  mentioned  indi- 
idually  above,  or  to  describe  the  location  of  these  plexuses.  They 
lay  be  briefly  listed  as  follows: 

1.  Cervical  Plexuses  of  the  sympathetic  system:  laryngeal, 
xtemal  carotid,  and  thyroid. 

2.  Thoracic  Plexuses:  cardiac  plexus,  superficial  and  deep,  pul- 
lonary  plexuses,  anterior  and  posterior  coronary  plexuses,  right  and 
.*ft  oesophageal  plexuses,  and  aortic  plexus. 

3.  Abdominal  Plexuses:  solar,  suprarenal,  and  renal  plexuses,  and 
rterial  plexuses,  named  after  the  several  arteries  which  they  accom- 
»anv. 

4.  Pelvic  Plexuses:  hypogastric,  rectal,  uterine  or  prostatic, 
esicular,  ovarian  or  spermatic,  hemorrhoidal. 

c.  Function  of  the  Sjrmpathetic  System. 

The  importance  of  this  portion  of  the  general  nervous  system  in 
he  control  of  the  vital  functions  of  the  body  can  hardly  be  over- 
stimated.  It  joins  with  the  pneumogastric  in  the  control  of  the 
leart  and  the  <ligestive  glands;  it  controls  the  blood  supply  to  the 
arious  tissues  of  the  body;  it  controls  the  movements  of  the  alimentary 
anal ;  it  controls  the  activity  of  the  kidneys  and  modifies  the  activity 
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The  fympathetlc  oerrous  syitem.  Vertebral  colnmo  gpUt  apart  to  make  room  for  plexuses. 
.  Jf.,  and  /.,  superior,  middle,  and  inferior  cerrical  ganglia;  1  to  12,  thoracic  ganglia :  1  to  4, 
imbar  ganglia ;  1  to  5,  sacral  ganglia ;  O.  7.,  gangUon  impar  or  coccygeal  ganglion  (enlarged) ; 
to  /K.  etc.,  branches  of  sympathetic  to  /,  //,  ///,  IV,  spinal  nerves,  etc. ;  Oar.  P.,  carotid 
lexos;  Onv.  P..  caTemoos  plexus;  P.P.,  pharyngeal  plexus;  L.  P..  lar>'ngeal  plexus;  O.  P, 
•ophageal  plexus  ;  />.  C.  P.,  deep  cardiac  plexus  ;  P.  P.  P.,  posterior  pulmonary  plexus  ;  S.  O., 
milunar  ganglion  ;  O.  8.  N.,  L.  8.  K,  and  B.  S.  N.,  great,  lesser,  and  renal  splanchnic  nerves ; 
.  P.,  renal  plexus ;  8.  M.  P.  and  /.  M.  P..  superior  and  inferior  mesenteric  plexus ;  Hy.  P , 
rpogastric  plexus;  A.  P.  and  A'.  P'.,  to  aortic  plexus;  P.  P.,  pelvic  plexus;  S.  P.,  sacral  plexus; 
1  P.,  hemorrhoidal  plexus ;  A.  V.,  annulus  of  Vieussens.  Aortic  plexus  shows  upper  and 
itddle  section  only. 
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of  the  organs  of  reproduction.  The  action  of  all  these  organs  and 
system  of  organs  is  co-ordinated  through  the  influence  of  the  sympa- 
thetic system.    The  more  important  functions  may  be  enumerated: 

(a)  Cardioacceleraiion  and  cardioaiLgmentation  through  the  branches 
from  the  cervical  ganglia. 

(6)  Secretory  impiUses  to  the  salivary  glands,  the  stomach,  the 
pancreas,  the  liver,  the  small  intestine,  the  large  intestine,  the  kidneys, 

(c)  Vasomx)tor  impulses,  both  constrictor  and  dilator,  to  all  arteries 
and  arterioles. 

(d)  Motor  impulses  to  the  muscular  coats  of  the  stomach  and 
intestines,  causing  peristalsis  and  controlling  the  pylorus  and  the 
cardia  of  the  stomach, 

(e)  Motor  impulses  to  the  muscularis  mucosa  of  the  alimentary 
canal,  causing  movements  of  the  mucosa. 
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NUTRITION. 


Chapter  III. 
Chapter  IV. 
Chapter  V. 
Chapter  VI. 
Chapter  VII. 
Chapter  VIII. 


CIRCULATION. 

RESPIRATION 

DIGESTION. 

ABSORPTION 

METABOLISM. 

EXCRETION 


NUTRITION. 

The  general  term  Nvirition  is  applied  in  Physiology  to  all  of 
>se  activities,  collectively  taken,  which  are  involved  in  supplying 
'  cells  of  the  body  with  food,  in  building  this  food  up  into  cell 
jstance,  in  liberating  the  energy  from  it  by  katabolic  processes 
\  in  ridding  the  body  of  the  waste  material,  which  results  from 
>se  processes. 
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A  general  idea  of  the  activities  and  organs  involved  in  nutrition 
may  be  gained  from  the  following  table: 


ACTlVITlia. 


Obojlks  om  TisoD. 


1.  PeroepCion. 
2L  Prthenaum. 
%.  PrepaimtioQ. 
4.  MattiocUUm. 
b.  DeglaUUon. 

6.  DIGESTION. 

7.  ABSORPTION. 

8.  CIBCOLATION. 

9.  Selection. 

la  METABOUSM. 


11.  RESPIRATION. 


{ 
] 


L  ANABOUSM. 


KATABOLISM. 
ExtemalR. 
\C(reulatum  {b}.] 
hrrERXAL  R. 
12.  Rejection  of  waite  producta  from  the  Otllt 
of  the  body. 
[Greulation  (c).] 


n. 
I. 

II. 


Organ  of  the  Special  I 

HandB.  Teeth,  eCe. 

Hands,  etc 

Teeth. 

Inrol.  Moadea  of  Phanmx  and  QSeopbagna 

Secretory  Apparatna:  Gaatric  Glanda,  LiTer, 

PaDcreas,  iDtertiiial  Qlanda. 
Epithelimn  of  AUmentaiy  CanaL 
Blood  and  Lymph  Clrcolatocy  Qyitema. 
iDdiTidnal  Oella  of  the  body. 
IndlTidnal  CeUa  of  the  body. 

IndiTidnal  Cells  of  the  body. 

Longs,  Air  PasHgea,  Moades  d  Respiration. 


1$.  EXCRETION. 


14.  Egettion. 


L  Rkkal .    .    . 
II.  iHt/sMMory 
III.  CmtmrneamM 
IV.  Hepatic 

1.  MieturitUm  . 

2.  Expiration   . 

3.  Ptrtpiration . 

4.  D^eeaticn 


IndiTidnal  CeUs  of  the  body. 


Kidneys. 

Lungs. 

Sweat  glands. 

LiTer. 

Bladder,  etc 

Air 

Skin. 

Rectum. 


To  illustrate  the  table  we  may  follow  the  steps  of  a  cat's  nutrition: 
(i)  Through  the  organs  of  scent  and  sight  she  perceives  her  prey. 
(ii  j  With  claws  and  teeth  the  prehension,  or  catching,  is  accomplished. 
(ill)  The  preparation  is  in  this  case  a  simple  killing,  but  man  prepares 
his  food  usually  by  cooking,  (rv)  She  masticates  it;  (v)  suxdlows 
it;  (vi)  digests  it.  (vii)  The  digested  portion  is  absorbed;  passes 
through  the  circulation  (viii)  to  the  cells  of  the  body,  where  each 
cell  selects  (ix)  an  appropriate  part,  which  it  builds  up  (anabolism) 
(\!)  into  cell  substance.  After  a  time  the  cell  protoplasm  is  broken 
down  (katal)olisni)  (x'')  incident  to  the  functional  activity  of  the 
cell;  the  balance  of  chemical  aflBnity  is  immediately  restored  by  the 
introduction  into  the  cell  of  the  oxygen  (xi")  which  has  been  brought 
from  the  lungs  (respiration)  (xi'j  by  the  circulatory  system.  The 
products  of  katabolism  are  promptly  rejected  (xii)  from  the  cell, 
carried  to  the  periphery  by  the  circulation,  where  they  are  excreted 
(xiii)  by  the  proper  organs  and  finally  ejected  (xrv)  from  the  body. 

After  a  moment's  reflection  it  will  be  seen  that — either  directly  or 
indirectly — every  organ  and  every  function  of  the  organism  are  brought 
into  action  in  nuiritiony  except  those  of  reproduction. 

Inasmuch  as  the  circulator^'  system  is  variously  and  repeatedly 
involved  in  nutrition  it  will  be  more  advantageous  to  treat  that 
first  than  to  interrupt  the  course  of  the  discussion  after  the  subject 
of  digestion  is  oj>ened.  Respiration  being  a  collateral  branch  of 
nutrition,  a  similar  course  may  profitably  Ix*  pursued  regarding  it. 
With  an  understanding  of  the  circulation  and  respiration  at  com- 
mand we  may  enter  upon  the  uninterrupted  discussion  of  digestion, 
absorption,  metabolism,  and  excretion. 


CHAPTER  III. 

CIRCULATION:  INTRODUCTION. 

A.  THE  COMPARATIVE  PHYSIOLOGY  OF  THE  CIRCULATION. 

1.  THE  CIRCULATING  FLUIDS. 

2.  THE  ORGANS  WHICH  CAUSE  THE  CIRCULATION. 

B.  ANATOMIC  INTRODUCTION. 

1.  THE  BLOOD-VASCULAR  SYSTEM. 

2.  THE  LYMPHATIC  SYSTEM 

3.  THE  SPLEEN. 

4.  HISTOGENESIS  OF  THE  CIRCULATORY  ORGANS  AND  TISSUES 

C.  PHYSICAL  INTRODUCTION. 

1.  THE  FLOW  OF  LIQUIDS  THROUGH  TUBES. 

2.  MANOMETERS. 


THE  PHYSIOLOGY  OF  CIRCULATION. 

A.  CLASSIFICATION  OF  THE  FLUIDS,  TISSUES,  AND  ORGANS. 

B.  THE  CIRCULATING  FLUIDS. 

1.  THE  BLOOD. 

I.  THE  PHYSICAL  PROPERTIES. 

II.  THE  MORPHOLOGY  OF  THE  BLOOD. 

a.  The  Red  Blood  Corpuscles. 
h.  The  White  Blood  Corpuscles. 

c.  Other  Structural  Elements  of  the  Blood. 

d.  Plasma. 

III.  THE  CHEMICAL  PROPERTIES  OF  THE  BLOOD. 

IV.  THE  FUNCTIONS  OF  VARIOUS  PARTS  OF  THE  BLOOD 
V.  THE  TOTAL  QUANTITY  OF  THE  BLOOD. 

VI.  THE  PROTECTION  OF  THE  BLOOD  StJPPLY. 

1.  The  Location  of  the  Vessels. 

2.  The  Influence  op  the  Intima. 

3.  The  Coagulation  of  the  Blood. 
VU   THE  EFFECT  OF  HEMORRHAGE. 

VIII.  THE  TRANSFUSION  OF  BLOOD 

2.  THE  LYMPH. 

I.  THE  PHYSICAL  PROPERTIES. 
II.  THE  MORPHOLOGY  OF  THE  LYMPH. 

III.  THE  CHEMICAL  PROPERTIES  OF  THE  LYMPH. 
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C.  THE  FORMATION  AND  DESTRUCTION  OF  THE  CORPUSCLES. 

1.  THE  ORIGIN  OF  THE  RED  BLOOD  CORPUSCLES. 
2    THE  DECAY  OF  THE  RED  BLOOD  CORPUSCLES. 

3.  THE  FORMATION  AND  DESTRUCTION  OF  LEUKOCYTES. 

4.  SUMMARY  OF  THE  FUNCTIONS  OF  THE  SPLEEN. 

D.  THE  CIRCULATION  OF  THE  FLUIDS. 

1.  THE  ACTION  OF  THE  HEART. 

2.  THE  CIRCULATION  OF  THE  BLOOD. 

a.  The  Circulation  in  the  Arteries. 

b.  The  Circulation  in  the  Capillaries. 

c.  The  Circulation  in  the  Veins. 

d.  The  Coronary  Circulation. 

3.  THE  CIRCULATION  OF  THE  LYMPH. 

a.  In  the  Lymph  Radicals. 
6.  In  the  Lymphatics. 

E.  THE  CONTROL  OF  THE  ORGANS  OF  CIRCULATION. 

1.  THE  INNERVATION  OF  THE  CIRCULATORY  SYSTEM. 

a.  The  Innervation  of  the  Heart. 
h.  The  Innervation  of  the  Arteries. 

2.  ADAFFATIVE  CO-ORDINATION  OF  THE  ACTIVITIES  OF  THE 

CIRCULATORY  ORGANS. 


THE  PATHOLOGIC  PHYSIOLOGY  OF  THE 

BLOOD. 

INTRODUCTION. 

A.  CORPUSCLES. 

1.  THE  RED  CORPUSCLES. 

a.  Morphology. 

(1)  Form  Modified, 

(2)  Size  Modified. 

b.  Color. 

(1)  Hcemoglobin  Increased 

(2)  Haemoglobin  Decreased. 

c.  Number. 

(1)  Increased. 

(2)  Decreased. 

2.  THE  WHITE  CORPUSCLES:    LEUKOCYTES. 

(1)  Increased. 

a.  Simple  Leukocytosis. 

b.  Mononuclear  Leukocytosis. 

c.  Polynuclear  Leukocytosis,  or  Neutrophilia. 

d.  Eosinophilia. 

e.  MyeUvmia. 

(2)  Decreased. 
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B.  PLASMA. 


VATER. 

>ALTS. 

(1)  The  ChlorideIb 

(2)  The  Phosphates. 

(3)  The  Sulphates. 

(4)  Calcium  Salts. 

KXTRACTIVES. 

(1)  Dextrose. 

(2)  Urea. 

(3)  The  Purin  Bodies. 

C,  COAGULATION  FACTORS. 

(1)  Fibrinogen. 

(2)  Thrombin. 

(3)  Calcium  Salts. 


IE  PATHOLOGIC  PHYSIOLOGY  OF  THE  CIR- 
CULATORY ORGANS. 

INTRODUCTION. 

1.  PERICARDITIS. 

a.  Acute. 
h.  Chronic. 

2.  MYOCARDITIS. 

a.  Acute. 
6.  Chronic. 
3    ENDOCARDITIS  (ACUTE). 
a.  Thrombosis. 
&.  Embolus. 

4.  ENDOCARDITIS  (CHRONIC).     VALVULAR  DISEASES. 

a.  Aortic  Disease. 

/.  Insuffictenq/. 
II,  Stenosis. 

b.  Mitral  Disease. 

/.  Insufflcienq^, 
II.  Stenosis. 

c.  Disease  op  Pulmonary  Valves. 

d.  Tricuspid  Insuppiciency. 

5.  DILATATION  AND  HYPERTROPHY. 

6.  ARTERITIS. 

a.  Acute. 

b.  Chronic. 

7.  ANEURYSM. 

8.  PHLEBITIS. 

o.  Acute. 
6.  Chronic. 
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INTRODUCTION. 

As  soon  as  an  animal  attains  to'  the  dignity  of  an  individual  of 
the  third  order  (see  Individualization  of  living  Substance,  Gen. 
Physiol.,  Part  I.) — i.  c,  as  soon  as  it  has  more  than  an  ectodenn 
and  endoderm — the  necessity  arises  of  conveying  to  the  middle  layer 
or  mesoblast  the  nourishment  obtained  from  the  environment  by 
the  layers  which  lie  in  immediate  contact  with  the  environment. 
And  thus  the  circulatory  system  is  bom  of  necessity.  It  is  a  system 
of  tubes  taking  up  fluid  food  and  oxygen  from  the  hypoblast  and 
conveying  it  to  all  parts  of  the  body.  This  system  of  tubes,  filled 
with  a  fluid  kept  in  circulation  through  the  agency  of  the  heart,  has 
fine  ramifications  in  all  parts  of  the  body,  and  serves  not  alone  to 
carry  nourishment,  but  also  to  remove  the  waste  material  from  the 
active  cells.  Further,  the  blood  serves  as  a  distributor  of  warmth 
and  moisture  in  the  body. 

A.  THE  COMPARATIVE  PHTSIOLOOT  OF  THE 

dSCULATION. 

The  primary  object  of  the  circulation  is  the  distribution  of  nutri- 
ment to  tissues  which  do  not  lie  in  or  adjacent  to  absorbing  surfaces. 
Secondarily,  the  fluids  in  circulation  carry  oxygen  from  the  absorbing 
surfaces  to  the  other  active  tissues,  and  finally  these  fluids  carry  to 
the  periphery  of  the  organism  for  excretion  certain  waste  products 
which  are  of  no  further  use  to  the  system.  As  a  "common  carrier" 
the  (!irculat()ry  system  is  the  servant  of  the  fundamental  process  of 
nutrition.  In  each  one  of  its  various  capacities  it  seems  to  be  essential 
to  the  organism. 

In  the  description  of  this  system  it  is  convenient  to  treat  (i)  the 
circulating  fluids,  and  (ii)  the  organs  which  cause  the  circulation  of 
the  fluids. 

1.  THE  OIROULATINO  FLUIDS. 

(a)  The  Most  Primitive  Oondition  is  represented  by  the  coclenieraies, 
whose*  ff  astro  vascular  system  of  canals  is  filled  with  a  fluid  which 
is  c()Tn|)()se(l  of  the  digested  or  partly  digested  ingesta  and  of  im- 
l)ib(Ml  water.  This  fluid  may  be  called  a  circulating  chyme.  It  is 
devoid  of  corpuscular  elements.  The  oxygen  which  it  holds  in  solu- 
tion may  be  ahsorlMMl  by  the  cells  which  are  adjacent  to  the  canals, 
but  it  lacks  any  special  agent  to  serve  as  an  oxygen  carrier. 

(/>)  Next  in  Order  as  a  circulating  fluid  may  be  considered  the 
circulatituf  chyle  or  hydrolyviph  of  echinoderma,  lamellibranchiaU 
nwllusrs,  tuuicatrs,  and  the  amphioxus.     This  fluid  differs  from  the 
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circulating  chyme  in  having  passed  into  the  organism  through  an 
absorbent  surface  of  epithelium.  It  is  a  selected  fluid  and,  therefore, 
much  more  uniform  in  its  composition  than  is  the  crude  circulating 
chyme.  This  circulating  chyle  is  corpusculated.  The  corpuscles 
are  not  particularly  abundant  and  are  similar  to  the  lymph  corpuscles 
and  leukocytes  of  higher  vertebrates — being  capable  of  amoeboid 
movements  and  varying  much  in  size. 

(c)  The  Term  hoBtnolymph  is  applied  to  the  circulating  fluid  pos- 
sessed by  worms,  most  molluscs,  and  arthropods.  Hsemolymph  is 
distinguished  from  hydrolymph  in  having  hcBmoglobin  or  other  oxygen 
carrier  in  soltUion. 

(d)  The  Most  Oomplete  System  of  circulating  fluids  is  possessed 
by  ihe  vertebrates  (amphioxus  excepted).  The  circulating  chyle 
is  received  into  the  lymphatic  system  of  vessels  and  mixed  with  true 
lymph.  This  soon  mixes  with  the  blood — ^the  most  complex  of  all 
circulating  fluids.  The  blood  of  vertebrates  consists  of  (1)  a  fluid 
plasma,  quite  Uke  the  fluid  portion  or  plasma  of  the  lymph,  (2) 
corpuscular  elements  which  in  turn  are :  (i)  the  leukocytes,  which  are 
practically  the  same  as  the  lymph  corpuscles;  (ii)  the  red  corpuscles, 
which  are  characteristic  of  the  vertebrates,  though  they  have  been 
also  observed  in  a  few  isolated  invertebrate  genera.  The  essential 
feature  of  the  red  blood  corpuscle  is  hcBmoglobin. 

The  hsemolymph  contains  various  oxygen  carriers,  or  respiratory 
pigments  (haemoglobin,  haemerjrthrin,  haemocyanin),  in  solution, 
wUle  the  blood  contains  hosm/yglobin  in  corpuscular  form.  These 
hiemoglobin  corpuscles  are  retained  within  a  definite  system  of 
canals,  the  blood-^vasctdar  system;  while  the  lymph  circulates  in  a 
vasolacunar  system  similar  to  that  possessed  by  most  of  the  inverte- 
brates. Note:  (i)  that  in  the  circukUing  chyme  the  sole  function  of 
the  fluid  is  to  carry  nutriment;  (ii)  that  the  hydrolymph  carries 
nutriment  to  the  tissues  and  excrement  from  them;  (ui)  that  the 
haemolymph  carries  nutriment  and  oxygen  to  the  tissues  and  excrement 
from  them;  (iv)  that  in  the  blood-lymph  systems  the  same  functions 
are  performed,  but  there  is  a  differentiation  of  structure  and  com- 
position between  blood  and  lymph  and  the  functions  are  performed 
more  perfectly  because  of  this  specialization. 


2.  THK  ORGANS  WEIGH  OAUSE  THE  OIROULATION. 

(a)  The  CkBlenterates  have  a  system  of  canals  which  are  really 
diverticula  from  the  gastric  cavity.  The  fluid  within  this  gastro^ 
vascular  system  of  canals  is  set  in  motion  by  the  general  movements 
of  the  animal. 

(b)  The  Lowest  Order  of  circulatory  system  is  that  in  which 
the  hydrolymph  and  haemolymph  of  the  invert^br^^tes  flow.     A3 
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a  general  rule  the  lymph  is  kept  in  motion  by  the  rhythmical  con- 
tractions of  some  portion  or  portions  of  the  canal  system.  These 
pumping  organs  are  called  hearts.  The  animal  kingdom  presents 
hearts  of  various  forms  and  degrees  of  complexity,  but  they  all 
have  this  in  common  that  they  represent  dilatations  of  the  blood- 
vessels. In  mollusca  and  arthropoda  the  heart  is  located  dorsally, 
in  vertebrates  it  is  ventral.  I'here  are  two  general  methods  of 
propulsion:  (i)  Peristalsis.  The  earthworm  possesses  a  series  of 
segmental  arterial  arches  connecting  the  ventral  and  dorsal  trunks. 
The  rhythmic  peristalsis  of  these  arches  keeps  the  blood  (hsemo- 
lymph)  in  circulation.  The  amphioxus  has  a  similar  system  physio- 
logically; the  contractile  portions  are  upon  the  ventral  vein,  forcing 
the  lymph  to  the  branchial  system  (respiratory  heart)  and  upon  the 
dorsal  artery,  forcing  the  lymph  through  the  systemic  capillaries 
(systemic  heart),  (ii)  Ptimping.  The  second  method  of  propulsion 
is  by  a  force-pumping  mechanism,  the  essential  features  of  which 
are  the  strong  muscular  walls,  the  valves,  and  the  filling  chambers. 
The  first  of  these  ensures  a  comparatively  quick  and  strong  con- 
traction of  the  walls  of  the  heart  upon  the  fluid  contents,  but  the 
pressure  (intraventricular)  is  equally  distributed  over  the  walls  of 
the  organ  and  the  fluid  is  as  likely  to  go  back  through  the  way  by 
which  it  entered  as  to  go  forward  unless  it  be  blocked.  The  valves 
at  the  entrance  of  the  heart  stop  this  regurgitation  and  ensure  the 
forward  movement  of  the  circulating  fluid.  To  be  mechanically 
effective  the  heart  must  fill  quickly.  This  necessity  is  satisfied  in 
arthropoda  by  a  filling  chamber  around  the  heart — ^the  pericardium — 
into  which  the  blood  flows  during  cardiac  contraction.  When  the 
heart  relaxes  the  collected  lymph  quickly  enters  its  cavity  throu^ 
the  open  valves.  A  similar  function  is  performed  by  auricles  in  Ae 
moUusks. 

In  most  invertebrates  the  blood  escapes  into  tissue  spaces  at  the 
end  of  its  arterial  flow. 

After  traversing  the  tissue  spaces  and  LACUNiE  the  lymph  makes 
its  way  into  the  vessels,  which  return  it  to  the  organ  of  propulsion. 
The  lacuniP  and  tissue  spaces  of  invertebrates  correspond  to  the 
lymph  or  serous  cavities  and  hmph  radicles  of  the  higher  animals. 

(c)  The  Vertebrates — al)ove  amphioxus — possess  the  highest  type 
of  circulatory  system — the  blood  is  propelled  by  a  heart  fully 
equipped  with  valves  and  filling  chambers.  The  amphioxus  has 
two  hearts — respiratory  and  systemic.  Fishes  have  a  respiratory 
heart  whose  strength  is  sufiicicnt  to  carry  the  blood  through  the 
systemic  vessels  after  it  has  been  al'Tated. 

In  the  amphibia  and  lower  reptiles  there  are  two  auricles,  but 
only  one  ventricle,  which  must  serve  both  as  respiratory  and  systemic 
heart.  In  these  animals  there  is,  to  a  certain  extent,  a  mixture  of 
the  aerated  and  unaerated  blood.     The  devices  for  ensuring  the 
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purer  bloucl  current  for  the  cephalic  end  of  the  animal  are,  to  say  the 
least,  ingenious.  In  crocodiles,  birds,  and  mammals  the  heart  is 
double,  each  half  being  composed  of  an  auricle  and  a  ventricle. 
Hie  ri^t  half  of  the  heart  is  the  respiratory  heart  and  the  left  side 
the  systemic  heart. 

The  morphologic  details  by  which  these  various  points  are  accom- 
plished are  matter  for  anatomy  rather  than  for  physiology. 

B.  ANATOMICAL  INTRODTIOTION. 
1.  THE  BLOOD-TASOULAS  ST8TEM. 

Structural  features  of  the  heart  and  vessels  which  are  of  especial 
pby^ologic  importance. 


1.  The  HtUCOlatOTQ. — («)  Several  muscle  layers — longitudinal, 
oblique,  and  circular — so  intricately  arranged  that  one  system  of 
fibres  may  often  be  traced  in  all  of  the  directions  in  turn. 


Cro—  wttlOD  Ihrongb  ■  completelT  coQlncled 
hnman  bcwt.  U  Uw  Innctlon  of  the  middle  >iid 
town  tblnk.    (Krehl.) 


Dlagnm  ibowing  the  genenl  ki 


(j9)  Many  fibres  or  bun<lle3  ari.se  from  the  auricuio ventricular 
ring,  and  after  making  their  circuit,  return  again  to  an  opposite 
segment  of  the  ring. 

(;•)  Some  bundles  arise  from  the  ring,  make  their  winding  circuit, 
and  terminate  in  a  papillary  muscle. 
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(d)  The  bases  of  the  aorta  and  puhnonary  arteries  are  surrounded 
by  circular  heart  fibres,  and,  further,  many  of  the  longitudinal  fibres 
arise  from  the  region  of  the  great  vessels. 

(e)  The  musculature  of  the  left  ventricle  is  very  much  heavier 
than  that  of  the  right  (Fig.  68). 

2.  The  Valves. — (a)  From  the  auriculo ventricular  ring  valves, 
convex  on  the  auricular  surface,  project  toward  the  centre  of  the 
ring. 

(/9)  Each  cusp,  or  flap,  is  much  thicker  near  its  origin  on  the  ring 
than  near  the  free  margin. 

(y)  Each  cusp  is  stayed  or  guyed,  from  the  ventricular  side,  by 
several  tendinous  cords  which  pass  from  the  apex  of  a  papillary 
muscle  to  different  parts  of  the  cusp  (Fig.  69). 

(3)  The  cusps  meet  at  a,  not  in  a  common  tangent  line,  but  in  a 
common  tangent  plane. 

3.  The  Cavity  of  the  Heart.— (a)  The  dilated  cavity  of  the  left 
ventricle  is  an  inverted  obUque,  quadrilateral  pyramid,  presenting 
irregularities  of  surface,  due  to  columnese  cameae  and  papillary 
muscles.    Its  volume  in  the  adult  male  is  about  180  c.c. 

(/9)  The  contracted  cavity  of  the  left  ventricle  presents  in  the  upper 
segment  a  quadrilateral  outline,  in  the  lower  segment  a  triangular 
outline.  From  the  central  cavity,  which  at  the  end  of  systole  may 
be  almost  obliterated,  numerous  crevasses  pass  out  into  the  wall  of 
the  ventricle.  These  crevasses  represent  spaces  between  the  fleshy 
columns  or  papillary  muscles  (Fig.  68). 

(y)  The  dilated  cavity  of  the  right  ventricle  presents,  on  cross- 
section,  a  crescentic  outline.  It  is  much  shorter  than  the  cavity  of 
the  left  ventricle,  though  its  volume  is  the  same. 

(5)  The  closed  cavity  of  the  right  ventricle  presents  a  series  of 
irregular  crevasses  which  together  describe  a  crescentic  field 
(Fig.  68). 

6.  The  Bloodvessels. 

1.  The  Arteries  and  Veins  are  composed  of  practically  the  same 
elements  in  the  same  arrangement;  the  principal  difference  being 
the  proportion  of  the  different  tissues  entering  into  the  composition 
of  the  several  layers.  The  walls  of  the  arteries  are  thicker,  very  much 
thicker  (Fig.  70). 

This  is  important  for  the  following  considerations:  First,  the 
greater  thickness  enables  them  to  sustain  the  greater  blood  pressure. 
Second,  their  greater  resistance  enables  them  to  withstand  minor 
external  pressure — c.  r/.,  from  muscular  contraction  or  pressure  of 
clothing;  thus  the  parts  supplied  are  subjected  to  a  minimum  acci- 
dental variation  of  blood  supply.  Third,  their  greater  thickness 
makes  them  less  vulneraljle  in  accidents.     The  large  arteries  have 
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I  relatively  more  elastic  tissue,  while  the  small  arteries  and  arterioles  \ 
\  have  relatively  more  muscle  tissue.  The  reason  is  evident:  The-^' 
large  vessels  receive  the  (iircct  impulse  from  the  heart  beat.  The 
heart  can  rest  a  part  of  the  time.  The  walls  of  the  arteries  are  under 
continuous,  though  varying  strain.  Muscle  tissue  alone  could  not 
long  endure  the  strain  of  unremitting  work;  only  the  unsenntiTe, 
unresponsive,  elastic  tissue  can  be  safely  put  to  so  prodigious  ■ 
strain.  In  the  small  arteries  and  arterioles  the  lateral  pressure  is 
very  much  less.  The  mu.scle  fibres  of  these  vessels,  supplemented 
by  a  small  amount  of  elastic  tissue,  are  quite  sufficient  to  sustain  it. 
Further,  the  supply  of  blood  to  special  organs  is  controlled  by  these 
muscle  fibres  acting  under  the  influence  of  the  vasomotor  nerves. 


Pormntton  nf  cB|iL11i 


2.  The  Capillaries. — The  capillar;'  wall,  consisting  as  it  does  of 
simple  endothelial  plates,  cannot  withstand  much  pressure.  Most 
of  the  energy  exerted  liy  the  heart  has  l>een  expended  in  overcoming 
the  resistance  Ix-tween  the  heart  and  the  capillaries,  so  that  the 
millions  of  capillaries  are  easily  able  to  withstand  the  distributed 
rcnmant  of  pressure.  ,A.ny  increase  of  capillary  pressure  tends  to 
increase  the  spaces  iK-tween  the  endothelial  plates,  and  thus  in  turn 
to  facilitate  not  only  di«])e<l(\si,s  <if  white  blood  corpuscles,  but  trans- 
udation iif  plasma. 


CIRCVLA  TION 


2.  THE  LTHPHATIO  SYSTEM. 
a.  Lymphatic  Follicles  and  Glands. 

Lymphatictissue  iscomposed  of  two  elements:  1st.  Aconnective- 
tissue  reticulum  associated  witli  stellate  connective-tissue  cells. 
This  is  called  the  Adenoid  ReticrUum.  2d.  Small  round  cells  which 
M«  enclosed  nithin  the  meshes  of  the  reticulum  (Fig.  71).  The 
lymphatic  tissue,  or  adenoid  tissue,  is  frequently  found  in  small 
quantities  along  the  arteries  associated  with  the  perivascular  lymph 
channels,  but  it  is  usually  collected  in  well-defined  structures  called 
lymph  follicles. 

1.  Lymph  Follicles  are  simple  lymphatic  nodules,  which  occur  in 
great  numbers  in  the  mucous  membrane  of  the  respiratory  and 
alimentary  tracts.  Each  follicle  is  surrounded  by  a  delicate  but 
close-meshed  wall  or  capsule  of  fibrous  connective  tissue.  Within 
this  capsule  the  whole  space  is  filled  with  typical  lymphatic  and 
adenoid  tissue. 


oTa  lymphatic  f land.   (Sif monawlci.) 


A  lymph  follicle  receives  its  blood  supply  from  a  vascular  envelope 
composed  of  a  loose  meshwork  of  arterioles,  from  which  capillary 
loops  penetrate  to  the  centre  of  the  follicles  and  rctiirn  the  venous 
bloo<l  to  the  corresponding  meshwork  of  venides.  Each  follicle  has 
an  afferent  It/mphatic,  which  brings  a  stream  of  Ivmph  which  oozes 
through  the  adenoid  ti.ssue,  and,  emerging  with  fewer  olii  leukocytes 
■ml  more  young  ones,  is  carried  off  by  the  efferent  lymphatic.   Within 
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the  follicle  old  leukocytes,  which  come  laden  with  different  matprials 
gathered  in  their  wanderings,  become  helplessly  entangled  in  the 
adenoid  meshes  and  disintegrate,  ^^^thin  the  folUcle  is  a  closelr 
packed  group  of  leukocytes,  which  are  undeigoing  rapid  reprodnctioii 
by  karyokinesis.    Such  a  group  of  leukocytes  is  called  a  Lymph  Knot, 


.l^yll,U\\. 


BliDpt«  l^mpb  rollicic  from  i 
■  dog:  a,  lympboid  llauo.  IlmltHl  br  Ibe 
flbraua  opiale  (6);  t,  lunoundlnB  connective 
UMue. .  (After  Plenol.i 


ti  of  uleniilcl'  Umat  trom  putlallT 
biuiliedMclJonott;mpb>tiGBluido<mcbllil: 
0,  flbrta  oT  ntlcnluin ;  b,  lymphoid  celli: 


and  this  is  the  source  of  the  young  leukocytes  which  join  the  efferent 
stream.  So  the  efferent  stream  from  a  lymph  follicle  or  lymph  gland 
may  not  contain  more  leukocytes  than  the  afferent  stream,  but  there 
will  be  more  yoimg  active  ones  and  fewer  old  slu^sh  ones  (Kg.  74). 


2.  A  Lymph  Oland  is  simply  a  collection  of  lymph  follicles.  The 
.stnictnrai  variations  are  shown  in  Fig.  73.  'fhc  functions  are  the 
same.  The  favorite  locations  of  the  lymphatic  glands  seem  to  he 
the  m-enenlerif,  the  gnm,  the  axilla,  and  the  neck;  though  they  are 
very  generally  but  .sparsely  distributed  in  subcutaneous  tissues. 
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b.  Lymphatics  or  Lymph  Vessels. 

1.  Lymph  Eadicles  and  Lymph  Capillaries. — A  lymph  radicle 
or  roodet  is  simply  a  connective-tissue  space  which  is  lined  with 
endothelial  plates.  These  spaces  are  very  irregular,  sometimes 
narrow  chinks  and  crevasses,  sometimes  comparatively  wide  spaces. 

Lymph  capillaries  conduct  the  lymph  from  these  irregular  collecting 
xpaceg  to  the  lymph  vessels.  Even  the  capillaries  and  the  smaller 
hmphatics  are  irregular  in  Inmen. 


'IW^^ftt'' 
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eapllluT  bloodTeeMli.    (After  Plenol.) 


2.  Lymph  Tnmks. — All  of  the  larger  lymph  vessels  are  provideil 
with  v^ves.  The  larger  tnmks  have  a  regular  lumen  and  walls 
quite  like  those  of  a  bloodvessel. 


3.  THE  SPLEEN. 

1.  Development.— In  the  human  embryo  itt  development  begins 
about  the  end  of  the  second  month.  Its  beginning  may  be  found  in 
the  mesentery  posterior  to  the  stomach,  and  immediately  dorsal  to 
the  duodenum.  At  this  point  a  very  small  terminal  branch  of  the 
cceliac  artery,  the  future  splenic  artery,  shows  in  the  perivascular 
lymph  channels  an  accumulation  of  large  lymphoi<l  cells  with  large 
granular  nuclei.  ITie  steps  of  the  development  are:  the  progressive 
development  of  lymphatic  tissue;  the  penetration  of  the  ma.ss  by 
terminal  branches  of  the  advancing  splenic  artery;  the  development 
of  non-striated  muscle  tissue  around  the  arterial  branches,  and  in  a 
coarse  meshwork  throughout  the  mass;  the  pushing  out  of  the  mosen- 
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tery  which  forms  a  splanchnopleuric  cover  for  the  spleen,  and  tlie 
definite  encapsulcment  of  the  organ  with  connective  tissue  and  non- 
striated  muscular  tissue. 

2.  StXQCtlire. — Inasmuch  as  the  spleen  l)egins  in  a  develotmietit 
of  lymphatic  ti.ssue,  it  is  to  l>e  expected  that  its  structure  is  analogous 
to  that  of  a  lymph  gland.  Such  is  the  case.  The  spleen  sustaina 
to  the  lilood- vascular  system  somewhat  the  same  relation  that  the 
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.  HISTOOENESIS  OF  THE  OIROTJLATORT  0B0A1I8 
AND  TiaSTTES. 


'Hie  circidatory  system  is  that  system  which  more  than  any  other 
is  shut  olT  fn>m  the  outside  world.  One  ^^'ould  expect  that  this 
system  of  organ,-:,  which  is.  ;«Tr  excellence,  a  system  devoted  to  internal 
relations,  should  1h'  derived  fnmi  the  entoderm;  and  it  is. 
Rememlier  that  the  enUtdenii  is  early  <litferentiated  into  hypoblast, 
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mesoblast,  and  notocord.  In  this  differentiation  the  mesoblast  has 
withdrawn  farther  from  the  outside  world  than  was  the  entoderm. 
The  mesoblast  early  divides  into  primitive  segments — somatopleuric, 
and  splanchnopleurie  mesothelium  and  mesenchyme.  The  last 
named  arises  latest  and  is  derived  from  the  first  three  (Hertwig). 
From  the  mesenchyme  are  derived  all  the  organs  and  tissues  of  the 
circulatory  system :  (i)  The  blood  itself  is  purely  a  derivative  of  the 
mesenchyme,  (ii)  The  bloodvessels  and  lymphatics  are  also  derived 
solely  from  the  mesenchyme — viz.,  the  endothelial  layer  of  the  intima, 
the  involuntary  muscle  fibres  of  the  media,  and  the  elastic  fibres  of 
the  vessel  walls,  (in)  ITie  spleen,  lymphatic  glands,  and  the  red- 
marrow  of  bones  are  also  wholly  mesenchymal  tissues.  The  nerves 
which  supply  the  muscles  of  the  heart  and  bloodvessels  are  derived 
from  the  ectoderm,  and  are  distributed  to  the  circulatory  system 
through  the  vagosympathetic  nervous  system. 


C.  PHTSICAL  INTRODUCTION. 

1.  THE  now  OF  LIQUIDS  THROUGH  THE  TUBES. 

The  analogy  between  the  nervous  system  and  a  telegraphic  system 
is  a  striking  one,  and  frequently  cited;  even  more  striking  is  the 
analogy  between  the  circulatory  system  and  the  water-supply  system 
of  a  city.  The  water  supply  starts  from  a  central  pumping  station — 
or  elevated  reservoir — passes  through  large  mains  at  first,  and  is 
distributed  through  branches  that  are  shialler  and  smaller  as  they 
subdivide  on  their  way  to  different  houses.  The  blood  supply  starts 
from  the  centrally  located,  pumping  heart,  passes  through  large 
trunks  at  first,  and  is  distributed  through  branches  that  get  smaller 
and  smaller  as  they  subdivide  on  their  way  to  different  tissues. 

The  physical  laws  of  the  circulation  are  the  physical  laws  of  the 
flow  of  liquids  through  tubes.  No  adequate  knowledge  of  the  circu- 
lation can  be  had  without  first  a  knowledge  of  the  physical  laws. 

a.  The  Flow  of  Liquids  under  Continuous  Pressure. 

"  The  flaw  of  liquid  is  caused  by  a  difference  of  pressure  between 
the  different  parts  of  a  mass  of  liquid/'    (Daniell.) 

TTie  attraction  of  the  earth — gravitation — furnishes  the  continuous 
pressure  which  causes  a  flow  of  liquids  along  channels  or  through 
tubes.  The  conditions  necessarv  are  an  elevated  source  and  a  low 
outlet.  Ijet  us  take,  for  example,  a  reservoir  as  a  source  of  flow. 
Ijet  an  aperture  be  made  in  the  reservoir  any  distance  (h)  below  the 
surface  of  the  water.  The  pressure  upon  the  water  just  inside  the 
aperture  is  greater  than  pressure  at  the  surface — atmospheric  pressure 
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— because  it  supports  the  weight  of  the  superposed  water.  It  wiO, 
therefore,  flow  away  from  the  higher  pressure  withtu  the  apertuie 
toward  the  lower  pressure  without  the  aperture. 

1.  Velocity. — Tomcelli's  Law:  The  rate  at  wkick  a  liqvid  it 
discharged  through  an  orifice  in  the  vxiU  of  a  reaervoir  is  ofuat  to 
the  velocity  which  would  be  acquired  by  a  body  falling  fredy  througk 
a  height  equal  to  the  distance  between  the  orifice  and  the  aurfaee  of 
the  liquid. 

From  the  law  of  falling  bodies  we  know  that  the  velocity  (v)  i* 
equal  to  the  square  root  of  twice  the  product  of  the  height  by  the  aecder- 
alion  due  to  gravitation  (g) — i.c.,v  =  i/2ffA  =  v'2x981  X  A=44.3i/A. 
Velority  thus  obtained  is  expressed  in  centimetres  per  second. 


C±5J 


2.  Discbarge. — Within  reasonable  limits  velocity  is  not  modified 
by  the  size  of  the  aperture.  Discharge  (D),  on  the  other  hand,  is 
equal  to  the  product  of  the  area  (a)  of  the  jet  by  the  velocity.  One 
would  think  that  the  area  of  the  jet  would  equal  the  area  of  the 
aperture,  but  such  is  not  the  case.  The  fluid  streams  toward  the 
aperture  from  various  directions,  and  the  jet  is,  in  a  way,  a  resultant 
of  the  various  streams  just  referred  to,  and  emerges  convergent  to 
reach  a  minimum  diameter  in  the  "  vena  fontracia"  very  near  the 
aperture.  The  real  diameter  of  the  jet  is  the  diameter  of  the  vena 
conlracta.  A  practical  veriKcation  of  the  principle  is  much  simplified 
by  inserting  into  the  aperture  a  short,  smooth  nozzle.  The  diameter 
of  the  jet  will  equal  the  diameter  of  the  nozzle.    The  dischai^  (D) 
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Fig.  81 


:he  product  of  the  area  of  the  jet  (a)  by  the  velocity  {v) — i.  e., 

><  V,  but  a  =  7rr^  and  v  =  44.3\/h;  therefore,  D  =  44.3?rr'i/'A. 
that  44.3;r  represents  a  constant  factor  in  all  experiments;  so 
5  discharge  will  vary  as  the  square  of  the  radius  of  the  jet 

I  square  root  of  the  height — i,  e.,  D  varies  as  r^|/A. 
ressnre. — ^The  pressure  may  be  looked  upon  as  the  stress 
le  liquid  at  the  point  of  observation.     Take,  for  example, 
ssure  of  the  water  on  the  bottom  of  a  reservoir  (Fig.  80). 
square  centimetre  of  the  bot- 
ipports    the    weight    of    the 

of  water  whose  vertical  di- 
1  is  the  depth  of  the  water, 
lose  area  (a)  is  1  sq.  cm.    The 

the  bottom  of  the  reservoir  is 
•actor  in  the  pressure.  The 
►f  the  water  is  the  only  matter 
ortance.  In  reservoirs  B  and 
>ressure  upon  area  (1  sq.  cm.) 
s  the  same  as  that  upon  area  a 
rvoir^,  because  the  height  of 
jmn  is  the  same. 

reservoir  B  the  pressure  on 
is  equal  to  that  on  area  a,  so 
e  pressure  on  area  V  equal  that 
I  a  or  area  b,  because  the  fluid 
insmtt  pressures  equally  in  all 
ns.     Then  the  lateral  pressure 

the  bottom  of  the  reservoir 
>e  as  great  as  the  downward 

e.  In  the  reservoir  shown  in  Fig.  80  the  pressure  at  the 
would  be  found  by  finding  the  weight  of  a  volume  of  liquid 
Etrea  equals  the  area  of  the  lumen  of  the  nozzle,  and  whose 
is  the  depth  of  the  liquid  above  the  middle  of  the  lumen  of 
szle. 

rhe  Measurement  of  Pressure,  {a)  The  Unit. — ^llie  pressure 
liquid  or  the  stress  of  the  liquid  at  the  point  of  observation 
ce  that  may  be  expressed  in  units.     To  express  this  force  in 

P  (in  dynes  per  1  sq.  cm.)  =  hgs,  h  =  depth  of  liquid,  g  = 
ition  of  gravitation  (981 ),  s  =  specific  gravity.  It  is  customary, 
r,  to  express  the  pressure  in  height  above  orifice  or  "head," 

ignore  the  factors  g  and  s.  This  is  especially  convenient 
*  the  pressure  is  usually  measured  with  a  mercury  manometer 
)ressed  in  "centimetres  of  mercury,"  meaning  that  the  pressure 
:ient  to  support  a  column  of  mercury  so  many  centimetres 


''"^•""^-v. 


s 
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Reserroir  with  lateral  nozzle. 
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Fig.  82 


n' 
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(ji)  The  Mercury  Manometer, — (See  Fig.  82.)     '^This  instrument 
consists  of  a  U-shaped  tut)e,  one  of  whose  limbs  is  usually  b^t 

at  right  angles  to  facilitate  its  junction  with  other 
apparatus.  Both  ends  of  the  tube  (n  and  n')  are 
left  open.  That  limb  through  which  the  pressure 
is  transmitted  (n)  is  called  the  proximal  limb, 
the  other  the  distal  limb.  When  the  pressure  is 
positive  the  mercury  will  rise  in  the  distal  limb; 
when  negative  it  will  fall  in  the  distal  limb.  The 
rise  in  the  distal  limb  (m)  will  be  accompanied 
by  a  corresponding  fall  in  the  proximal  limb  (m'); 
the  total  pressure  will  be  represented  by  a  col- 
lunn  of  mercury  equal  to  2m  or  x.  But  a  part  of 
that  pressure  is  due  to  an  introduced  error  when 
the  fluid  in  the  proximal  tube  above  the  mer- 
cury is  water  or  blood,  or  a  salt  solution.  One 
introduces  more  of  this  (in  centimetres)  than 
was  in  the  proximal  tube  before.  If  the  fluid 
which  has  been  introduced  with  the^all  of  the 
mercury  in  the  proximal  column  is,  say,  ^  the 
density  of  mercury,  then  if  m  =  13  cm.,  the  real 
rise  of  mercury  due  to  initial  pressure  is  repre- 
sented by  26  cm.  of  mercury  minus  1  cm.  of  mer- 
cury correction,  or  25  cm.  mercury. 

Let  us  express  the  relations  in  more  definite 
terms.  Suppose  the  proximal  limb  to  be  filled 
with  water  (sp.  gr.  Hg  =  13.590).  ITie  corrected  height  (A)  of  the 
column  of  mercury,  when  m  is  the  rise  in  the  distal  column: 

tn  27.192m  — m       26.192m 

h  =  2m  — 


Mercury  manometer. 


13.506 


13.596 


13.596 


(i)   The  pressure  in  grams  per  unit  area  (p)  is  equal  to  the  height 
of  the  column  multiplied  by  the  sp.  gr.  of  mercury. 

;,  =3  hs  =.-=  ^!v?^,v   X  K^.596  =--  26.192W  =  ca.  26.2m. 

One  may  readily  get  the  pressure  per  square  centimetre  by  measuring 
in  centimrtres  the  rise  of  mercury  in  the  distal  column  and  multiplying 
that  by  26.192  (26.2). 

(ii)   The  pressure  in  dynes  per  unit  area  (P)  is  found  by  simply 
multiplying  p  by  g,  for  P  =  hgs  and  p  =  hs. 

P  =z  h(fs  —  9.SI  X  20. 192m  -=  25r)94m  dy nos  |>er  square  centimetre. 

To  express  the  pressure  in  dynes  per  square  centimetre  one  has  only  to 
observe  m  and  multiply  that  by  2r)()94. 

{y)  The    Piezometer    is    a    simple   iii.striunent  consisting  of    an 
upright  tube  connected  directly  with  the  point  at  which  the  pressure 
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?  measured.  (See  Fig.  83,  I,  II.  etc.)  The  pressure  at  the 
causes  the  liquid  to  rise  in  the  piezometer  until  the  weight 
column  balances  the  pressure  at  the  base.  To  compute  the 
^es  or  the  p  in  grams  one  applies  the  principles  given  above 
mercury  manometer:  k  equals  the  rise  in  the  tube,  as  there 
orrection  in  this  case,  a  for  water  would  equal  1 ;  so  that 
aadP  =  981ft. 

^ick'a  Spring  Marurmder,  fke  Sphygmoscope,  TamhouTB, 
E*iston,  and  other  instruments  of  the  same  class  are  for  the 
.tion  of  varying  pressures,  and  are  constructed  rather  for 
tive  than  for  quantitative  observations. 
Ii6  Prsunn  of  Liquid  Flowing  thtongh  Tabu.— Fig.  84  illus- 
in  experiment  with  a  reservoir,  a  horizontal  delivery  tube, 
eries  of  piezometers.    TTie  piezometers  indicate  faithfully  the 


e  of  the  liquid  at  the  point  where  they  are  severally  in  com- 
tion  with  the  delivery  tube.  The  pressure  in  piezometer  I 
■r  than  that  in  II,  that  in  II  is  higher  than  that  in  III,  and  so 
»te  that  the  pressures  are  progressively  and  regularly  less  as 
ceed  from  the  reservoir  to  the  end  of  the  delivery  tube.  If 
ere  only  one  piezometer,  and  that  located  at  position  VI,  the 
'ould  maintain  the  same  level  which  it  shows  in  the  first  experi- 
If  there  were  sixty  piezometers  instead  of  six  along  the 
elivery  tube,  the  water  in  every  piezometer  would  rise  to  the 
D.  This  line  is  called  the  presaiire  xlope. 
is  the  pressure  less  in  VI  than  in  V?  When  the  stream  of 
as  reached  the  point  VI  it  has  still  to  overcome  the  resistance 
1  that  point  and  the  delivery  (D).  The  pre-ssure  upward  at 
ist  the  same  as  the  pressure  to  the  right — i.  *■-,  the  weight  of 
umn  of   liquid  in  piezometer  VI  just    balances  the  "back 
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pressure"  or  resistance  to  the  flow  to  D.  Piezometer  V  measures 
the  resistance  beyond  V,  and  therefore  must  stand  higher.  The 
reservoir  may  be  looked  upon  as  a  gigantic  piezometer.  Continue 
the  line  D  P  to  the  reservoir;  the  point  P  H  is  the  pressure  slope. 
All  of  that  head  of  liquid  between  the  line  P  H  x  and  the  exit  (d)  of 
the  delivery  tube  is  called  the  pressure  head  or  resistance  head.  The 
head  or  stand  of  liquid  below  the  line  P  H  x  represents  the  quantity 
of  potential  energy  which  is  made  kinetic,  and  consumed  in  over- 
coming the  resistance  offered  by  the  delivery  tube. 

^Vhat  becomes  of  the  potential  energy  represented  by  that  portion 
of  the  water  between  P  II  x  and  V  II  yf  That  energy  is  the  source 
of  the  velocity  with  which  the  liquid  jets  from  the  end  of  the  delivery 
tube.    If  one  wishes  to  find  the  velocity  he  has  only  to  use  the  distance 

y  X  or  the  distance  y'  I)  for  h  in  the  formula  v  =  y  2gh.  The  stand  or 
head  of  liquid  between  P  H  x  and  ]'  H  y  is  called  the  velocity  head. 

The  velocity  head  (V  H)  plus  the  pressure  head  (P  H)  is  called 
the  driving  head  (P  H  -\-  V  II  =  D  II). 

In  studying  the  laws  of  the  flow  of  liquid  through  tubes  under 
constant  pressure  we  have  to  consider  the  following  factors:  (a) 
driving  head,  (/?)  resistance  head,  {y)  velocity  head,  {d)  lateral 
pressure  as  indicated  by  the  piezometers,  (€)  resistance. 

The  solution  of  the  following  problems  will  throw  much  light 
upon  the  practical  problems  of  the  circulation:  (i)  What  is  the 
total  effect  of  increasing  or  of  decreasing  the  driving  head  (a)? 
(ii)  What  is  the  effect  of  increasing  or  of  decreasing  the  resistance  (c), 
the  driving  head  remaining  the  same?  (iii)  What  is  the  effect  of 
a  simultaneous  increase  of  (a)  and  increase  of  (e)?  (iv)  The  effect 
of  a  simultaneous  increase  of  («)  and  decrease  of  (e)?  (v)  Decrease 
of  {a)  and  increase  of  (e)?  (vi)  Decrease  of  («)  and  decrease  of  (e)? 
(vii)  How  may  (y)  be  increased  without  increasing  (a)?  (viii)  How 
may  0?)  be  increased  without  increasing  («)  ?  (ix)  What  factors  cause 
a  variation  of  velocity?    (x)  Of  lateral  pressure? 

(c)  The  Velocity  of  the  Flow  of  a  liquid  through  a  tube  has  been 
defined  as  («)  axial  and  {[i)  mean  and  (y)  mural.  The  axial  velocity 
is  that  attained  by  a  particle  swept  along  the  middle  of  the  stream. 
The  mural  velocity  is  that  attained  by  a  particle  which  moves  along 
the  wall  of  the  tube,  much  retarded  by  friction  of  the  liquid  against 
the  wall.  The  mean  velocity  is  between  these  two,  and  approximately 
half  the  axial  velocity.  The  mean  velocity  per  unit  time  multiplied 
by  the  area  of  the  tube  equals  the  discharge  in  unit  time. 

6.  The  Flow  of  Liquids  under  Intermittent  Pressure. 

It  is  understood  by  intermittent  pressure  that  the  pressure  shall 
be  exerted  in  a  rhythmical  series  of  impulses,  such  as  is  observed  in 
the  working  of  a  pump. 
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Intermittent  Pressure  through  Inelastic  Tubes.— If  a  pump 
ice  the  reservoir  of  Fig.  84,  it  will  be  found  that  the  liquid  will 
from  the  distal  end  of  the  delivery  tube  in  a  series  of  jets  corre- 
iding  to  the  action  of  the  pump,  and  that  the  lateral  pressure,  as 
rated  by  the  piezometers,  will  also  vary  with  the  action  of  the 
p,  being  highest  at  the  moment  that  the  liquid  is  being  driven 
I  the  delivery  tube  with  greatest  force. 

)  With  Low   Terminal  Resistance  in  the  delivery  tube  the  rise 
fall  of  pressure  is  moderately  accentuated. 
)  With  High  Terminal  Resistance,  such  as  is  afforded  by  a  capil- 

tube  at  D,  the  rise  and  fall  of  the  pressure  within  the  delivery 
;  is  greatly  accentuated. 

Intermittent  Pressure  through  Elastic  Tubes. — Instead  of 
nelastic  delivery  tube  use  a  thin  rubber  tube, 
i)  With  Low  Terminal  Resistance  one  notes  no  essential  difference 
1  previous  observations  with  the  inelastic  tube. 
•)  With  High  Terminal  Resistance,  however,  there  is  a  marked 
sformation  in  the  character  of  the  stream.     It  issues  from  the 

terminal  capillary  not  in  jets,  bid  as  a  continuous  and,  under 
table  circumstances,  constant  stream, 
ow  is  this  accomplished?    The  sudden  influx  of  liquid  thrown 

the  tube  by  the  pump  expands  the  tube,  bringing  into  play  its 
\iciiy.  WTien  the  pump  reverses  and  the  valve  closes,  the  walls 
be  tube  contract  upon  the  contents  and  force  liquid  out  of  the 
de  while  the  pump  is  filling.  If  the  pump  acts  quickly  enough, 
jet  from  the  nozzle  of  the  delivery  tube  may  be  not  only  con- 
ous,  but  quite  constant. 

he  quantity  of  liquid  delivered  from  a  capillary  nozzle  under 
I  conditions  is  naturally  much  greater  than  the  quantity  delivered 
1  the  same  capillary  nozzle  with  an  inelastic  delivery  tube.  Other 
Etntages  will  be  discuSvSed  later. 

c.  The  Flow  of  Liquids  Influenced  by  Other  Factors. 

0  The  8ise  of  the  Tnhe. — If  there  were  no  friction  the  size  of 
tube  would  l)e  of  no  consequence.  The  liquid  which  lies  next 
he  wall  of  the  tube — i.  e,,  the  liquid  which  wets  the  wall — does 
flow  at  all;  the  layer  next  to  the  wetting  layer  flows  more  slowly 

1  any  other  layer,  and  the  layer  that  is  farthest  from  the  wall  of 
tube  flows  most  rapidly. 

"he  middle,  rapidly  flowing  current  has  friction  against  the  next 
mal  less-rapidly  flowing  current,  and  thus  a  large  portion  of  the 
rtic  energy  may  be  expended  in  overcoming  friction  or  resistance, 
urally  the  larger  the  tube  the  smaller  the  proportion  of  friction. 
may  formulate  the  following  law:  The  resistance  is  in  iniwrse 
x>rtion  to  the  diameter  of  the  tube. 
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Further:  The  resistance  in  a  given  tube  increases  with  the  velocity 
of  flow. 

(b)  The  Change  of  Ooune  through  bending  of  the  tube  causes 
a  change  in  the  distribution  of  the  resistance  (greater  in  front  of 
the  bend  and  less  beyond  it),  but  does  not  affect  the  final  discharge 
or  velocity. 

(c)  The  Effect  of  Var3ring  Lumen  is  to  cause  a  variation  of  the 
velocity  with  the  varying  lumen.  Leonanlo  da  Vinci,  who  was 
a  great  hydraulic  engineer  as  well  as  a  great  painter,  formulated 
this  law:  The  velocity  of  the  current  at  any  point  is  inversely  frth 
portioned  to  its  cross-sectional  area. 

The  cross-sectional  area  of  the  capillaries  taken  together  equals 
500  to  700  times  the  cross-sectional  area  of  the  aorta. 

(d)  The  Effect  of  Branching  is  to  introduce  eddies  and  whiris 
into  the  stream.  This  causes  increased  resistance.  If  the  ramifi- 
cation of  the  tubes  leads  to  greater  sectional  area  the  velocity  will 
decrease  projwrtionally;  if  to  smaller  sectional  area  the  velocity 
will  increase  proportionally. 


THE  PHYSIOLOGY  OF  CIRCULATION. 

A.  CLASSIFICATION  OF  THE  FLUIDS,  TISSXTES  AND 

ORGANS. 


Fluidff  of  the  Circulatory  SyKtem. 


Tissues  and  Organs  for  the  Formation 
or  Destruction  of  Corpusclos. 


Blood. 


Lymph. 


f»n>u«le»<ww',e. 


\ 


Plasma. 


Leuoocytet. 


Corpuscles— [Lymphocytes.] 


r      Retl  Ma 

<       Lymph 
I      Siilceu. 


Retl  Marrow  of  Bones. 

Glands. 
Sp 


Organs  of  Transmission  of  Fluids. 


Of  Blood. 


Heart. 
Arteries. 
Capillaries. 
Veins. 

Lymph-radleles. 


I  o'^-'-P-  {   ZZ^ 


Organs  of  Control. 


Cr.nl.J    Ont.™  <?SjlSi^. 

Parts  of  Vago-SympatheUe  Systein. 
Vaso-Motor  Nerves. 
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B.  THE  CIBCTTLATING  FLUIDS. 

The  blood  is  called  the  vital  fluid,  not  because  it  has  any  life 
nthin  itself,  but  because  it  carries  the  food  and  oxygen,  upon  which 
he  life  of  the  cells  depend,  from  the  digestive  tract  and  lungs  to  the 
ictive  tissues.  The  amount  of  food  which  the  blood  contains  is 
x>inparatively  small,  so  that  the  whole  volume  of  blood  in  circulation 
it  any  one  time  might  be  replaced  by  an  artificial  plasma  without 
serioiidy  injuring  the  animal,  provided  this  artificial  blood  could  be 
it  once  replenished  with  absorbed  fpod  from  the  digestive  system. 
rhus,  it  is  not  so  much  the  quantity  of  food  in  the  blood  at  any  one 
time  as  the  quantity  which  it  carries  to  the  tissues  during  any  given 
period,  say,  twenty-four  hours,  which  gives  the  blood  its  impor- 
tance. 

In  a  similar  way  the  blood  contains  at  any  one  time  only  a  com- 
paratively small  amount  of  oxygen,  and  this  amount  could  be  lost 
to  the  system  and  cause  comparatively  little  disturbance,  provided 
the  source  of  supply  would  not  be  interrupted.  The  blood  sustains 
to  the  organism  the  relation  similar  to  that  of  any  transportation 
system  to  society.  The  amount  of  matter  in  transit  at  any  one  time 
might  be  lost  without  seriously  disturbing  society,  but  the  complete 
destruction  and  loss  of  the  transportation  system  would  at  once 
introduce  most  distressing  conditions. 

We  will  get  our  clearest  idea  of  the  relation  of  the  blood  to  the 
9rganism  if  we  look  upon  it  simply  as  a  means  of  distribution  of: 
(i)  products  of  absorption  from  the  alimentary  tract;  (ii)  oxygen; 
(in)  products  of  tissue  katabolism;  (iv)  carbon  dioxide  gas.  These 
collected  materials  are  transported  from  the  point  of  collection  to 
organs  which  are  to  utilize  them  or  excrete  them. 


1.  THE  BLOOD. 
I.  THE  PHTSIOAL  PROPERTIES. 

1.  Physical  Constitution  of  the  Blood. — The  blood  is  a  liquid. 
The  fact  that  the  blood  is  not  transparent  leads  at  once  to  the  con- 
clusion that  it  is  not  a  homogeneous  liquid,  but  that  there  are  particles 
held  in  suspension.  Johannes  Miiller  succeeded  in  separating  the 
liquid  from  the  suspended  particles  by  filtration.  Before  that  time, 
however,  the  microscope  had  revealed  the  fact  that  the  particles 
wrere  corpuscles  or  cells — highly  specialized  cells,  however.  The 
liquid  in  which  the  corpuscles  are  suspended  is  called  liquor  sanguinis, 
or  plasma.  There  are  three  methods  of  procedure  in  separating 
blood  into  its  physical  components: 
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(a)  By  rutntion. — Johannes  Miiller  succeeded  iu  filtering  hog's 
blood  after  adding  to  it  a  small  quantity  of  MgSO^  or  Ns,SO,  or 
^  per  cent,  sugar.  He  failed  to  filter  mammalian  blood  after  the 
same  method ;  but  Alex.  Schmidt  has  done  so  repeatedly  with  horse's 
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bloo<I,  if  proper  precautions  are  taken,  instantly  subjecting  the 
drawn  blood  to  0°  <-.,  mixing  with  20  per  cent,  of  its  volume  of 
Na^Oj,  and  filtering  after  nn  hour  or  two. 

(b)  By  Subsidence. — If  the  blood  of  a  mammal — espedally  of  a 
horse — be  mixed,  as  al)ove  described,  with  20  per  cent  of  its  volume 


CIRCVLATIOS  133 

of  saturated  solution  of  MgSO,  or  Na^O,  and  subjected  instantly 
to  freezing  temperature,  it  is  found  that  the  corpuscles  will  sink  to 
the  bottom,  leaving  the  clear  plasma  above.  This  is  facilitated  by 
oiling  the  inner  suiface  of  the  receptacle.  If  the  conditions  are  very 
favorable  the  blood  from  the  jugular  vein  of  a  horse  may  be  separated 
without  the  addition  of  the  salt  solution. 

(c)  By  OentrifnsMioD. — If  the  blood  of  any  animal  be  drawn 
into  a  capillary  tube  and  instantly  subjected  to  centrifugation,  the 
heavier  corpuscles  are  thrown  to  the  outer  end  of  the  tube  and  the 
separated  plasma  and  corpuscles  may  be  quantitatively  determined. 
Fig.  84  shows  a  centrifuge,  or  haematocrit;  a  speed  of  7000  to  10,000 
rotations  per  minute  is  sufficient  to  throw  all  the  corpuscles  to  the 
outer  end  of  the  tubes  in  two  or  three  minutes.  The  volume  per  rent, 
mar  be  read  off  on  the  graduated  capillary  tube. 


HniDUi  rad  blood  oorimiclt*,  ibowlDfi  alaa  rouloiu  la 


2.  CoIot. — The  color  of  tlie  blood  in  the  body  varies  from  light 
scarlet  in  the  arteries  to  a  dark  bluish-red  in  the  veins.  The  red 
color  is  due  entirely  to  the  red  corpuscles.  Owing  to  the  physical 
properties  mentioned  above  the  blood  is  opaque — even  thin  layers  of 
It  obstructing  the  light.  The  bright-red  color  of  the  albino's  eyes  is 
due  ta  the  blood  of  the  central  artery  of  the  retina — unobstnicted 
from  view  by  the  translucent  iris.  The  pink  color  of  the  lips,  nails, 
conjunctiTa,  and  oral  mucous  membrane  in  health  is  due  to  the 
blood.  If  the  blfKtd  has  a  smaller  number  or  a  poorer  quality  of  red 
coipuscles,  the  pink  gives  place  to  a  pale  or  even  waxy-white  color; 
while  in  asphyxia  and  certain  serious  heart  lesions  these  parts  take 
on  a  ^astly  bluish  color. 

3.  Od(V. — ^The  peculiar  odor  of  freshly  shed  blood  is  well  known. 
This  odor  is  somewhat  different  in  the  blood  of  different  animals, 
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and  is  due  to  the  presence  in  somewhat  varying  relative  amounts  of 
volatile  fatty  acids.  The  odor  of  human  blood  is  less  strong  than 
that  of  most  animals.  In  blood  which  has  been  shed  for  some  time 
the  odor  may  be  revived  by  liberating  these  volatile  fatty  adds  with 
concentrated  HjSO^. 

4.  Taste. — Blood  has  a  saline  taste,  due  to  the  salts  dissolved  in 
the  plasma. 

5.  Specific  Gravity. — ^The  specific  gravity  of  the  blood  as  a  whole 
is  1056  to  1059  in  man,  and  1051  to  1055  in  woman;  in  children  it 
is  less,  and  is  subject  to  greater  variations.  This  is  a  compo^te 
specific  gravity  made  up  of  plasma  1007  and  blood  corpuscles  1105. 
It  is  due  to  this  difference  in  the  specific  gravity  of  the  plasma  and 
corpuscles  that  separation  by  sedimentation  or  by  centnfugation  is 
possible.  The  density  of  the  blood  is  due  almost  entirely  to  the  iron 
in  the  corpuscles.  As  the  specific  gravity  of  the  blood  has  some 
clinical  importance  it  may  be  determined  as  follows :  Take  a  mixture 
of  benzole  889  and  chloroform  1526  of  a  specific  gravity  of  1060  in 
a  cyhnder  and  place  a  drop  of  fresh  blood  in  it.  If  the  blood  is 
Ughter  than  the  mixture  it  will  rise  to  the  top  and  if  heavier  it  will 
sink.  Add,  then,  either  chloroform  or  benzole  until  the  blood  remains 
at  the  centre  of  the  mixture.  The  specific  gravity  of  the  mixture  will 
be  that  of  the  blood,  and  may  be  determined  with  a  specific  gravity 
bulb. 

II.  THE  MORPHOLOGY  OF  THE  BLOOD. 

a.  The  Red  Blood  Corpuscles.  V     -' 

1.  Form. — ^The  red  blood  corpuscles  are  circular,  biconcave, 
elastic,  non-nucleated  disks.  They  are  about  7.7  microns  in  diameter 
and  1.9  microns  in  thickness  near  the  periphery;  the  thickness  in 
the  centre  of  the  disk  is  less  (Fig.  85).  This  accounts  for  the 
microscopic  appearance  of  a  nucleus  in  the  centre  of  the  disk 
(Fig.  86).  When  viewed  with  the  microscope  the  rim  of  the  corpuscle 
appears  light,  while  the  centre  appears  dark,  because  the  latter  is 
out  of  focus.  Now,  by  carefully  moving  the  objective  downward  the 
centre  of  the  corpuscle  will  appear  light  and  the  rim  will  appear 
dark,  and  this  is  another  proof  that  the  centre  of  the  corpuscle  is 
thinner  than  the  periphery. 

If  the  film  of  fresh  blood  is  deeper  than  the  diameter  of  the  cor- 
puscles and  the  glass  on  which  it  is  spread  is  jarred  or  shaken,  the 
disks  readily  form  into  rouleau  like  piles  of  coins  (Pig.  85).  The 
cause  of  this  formation  is  probably  clue  to  the  biconcave  shape 
and  not  to  any  inherent  quality,  as  has  been  supposed.  If  blood  is 
exposed  to  the  air  for  a  short  time,  or  if  the  plasma  be  diluted  with 
a  hyperisotonic  fluid — i.  e.y  a  fluid  of  greater  density  than  the  plasma 
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— the  red  blood  corpuscles  become  crenated;  that  is,  the  corpuscle 
shrinks  and  the  surface  is  puckered,  giving  the  corpuscle  the  appear- 
ance of  containing  foreign  bodies  in  its  protoplasm.  This  is  espe- 
cially realistic  when  the  corpuscles  are  just  beginning  to  crenate  and 
are  moving  or  rolling  about  the  microscopic  field  (Fig.  86),  If,  on 
the  other  band,  the  plasma  be  diluted  with  a  hypisotonic  fluid — 
t.e.,of  less  density  than  the  plasma — the  corpuscles  at  once  swell 
and  assume  a  nearly  spherical  form,  finally  becoming  quite  spherical. 
H  pure  water  be  used  the  hfemoglobin  will  be  gradually  dissolved 
and  the  corpuscles  appear  bleached  out.  This  is  called  laky  blood. 
The  corpuscles  may  be  stained  with  the  ordinary  stains  by  placing 
a  thin  film  of  fresh  blood  upon  a  cover-glass,  and  fixing  it  by  heating 
at  100°  C.  or  inunersion  in  absolute  alcohol  for  a  few  minutes.    The 
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best  stains  are  a  1  per  cent,  aqueous  eosin  in  50  per  rent,  alcohol 
and  10  per  cent,  methylene  blue  in  50  per  cent,  alcohol,  and  the 
Ehrlich  triple  stain. 

2.  Size. — There  are  two  methods  of  detennining  the  size  of  a 
microscopic  object:  (i)  Its  image  may  be  projected  upon  a  scale 
by  a  camera  tudda  and  the  dimensions  determined,  (it)  A  much 
more  convenient  method  is  to  measure  directly,  objects  in  the  field 
of  the  microscope,  with  the  aid  of  an  eye-piece  micrometer.  By  one 
or  the  other — usually  the  latter— of  these  methods  the  average 
diameter  of  the  red  blood  corpuscles-has  been  determined,  and  is  7.7/*, 
or  7.7  micmmillimetres  (a  micromillimetre  is  one  one-thousandth 
of  a  millimetre).  There  is  little  variation  in  the  size,  more  than 
90  per  cent,  of  the  corpuscles  being  very  near  to  the  average.  The 
remaining  more  variable  corpuscles,  however,  extend  the  limits  of 
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size  to  6.7//  for  the  minimum  and  9.3//  for  the  maximum.  The 
maximum  thickness  of  a  red  blood  corpuscle  is  about  1.9//.  The 
size  is  somewhat  diminished  by  septic  fever,  asphyxia,  or  the  admin- 
istration of  considerable  morphine;  and  is  increased  by  alcoholism, 
quinine,  or  watery  condition  of  the  blood.  The  size  of  the  red  blood 
corpuscles  has  had  considerable  medicolegal  importance;  but  the 
fact  that  the  corpuscles  of  animals  frequently  associated  ^ith  man 
fall  within  the  limits  of  variation  of  human  corpuscles  has  led  to  a 
general  distrust  of  this  evidence.  The  average  diameter  of  the  red 
blood  corpuscles  of  a  dog  is  7.3//  (varying  from  6.6//  to  9//),  of  a 
cat  6.5//  and  of  a  rabbit  6.9//. 

3.  Number. — ^The  normal  average  of  red  corpuscles  per  cubic 
millimetre  of  blood  is  in  man  5,000,000  and  in  woman  4,500,000. 
The  total  number  may  be  estimated  by  actually  counting  the  number 
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The  Thoma-Zeiss  blood  counter.     The  mixing  pipette  in  which  each  volume  of  blood  iii 
diluted  to  100  to  200  volumes,    a,  b,  and  c,  plan  and  elevation  of  the  counting  slide. 

in  a  measured  amount  of  accuratelv  diluted  blood.  The  variations 
that  occur  in  health  arc  cjuite  small  and  are  due  to  normal  processes. 
A  variation  between  6,000,000  and  4,000,000  is  considered  practically 
normal.  Any  deviation  from  the  normal  quickly  causes  a  diminution 
in  the  number,  size,  and  the  (juality  of  the  red  blood  corpuscles;  in 
fact,  simple,  unhygienic  surroundings  or  habits  speedily  cause  these 
changc\s  without  other  demonstrable  pathological  conditions. 

In  a  man  weighing  65  kilos  there  are  about  5  kilos  of  blood,  or 
-Y^  of  the  entire  weight.  Ilien  there  would  be  approximately 
25,000,000,000,000  red  blood  corpuscles  in  man.  The  life  of  a  red 
blood  corpuscle  is  not  known,  but  it  is  variously  estimated  to  be 
from  two  to  four  weeks.  At  anv  rate  it  means  that  billions  of  red 
blood  corpuscles  must  Ix*  formed  every  day.  It  will  be  readily  seen 
that  such  an  immense  process  wliich  depends  upon  assimilation  and 
elimination  Canabolism  and  katal)olism)  is  easily  disturbed. 
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The  number  of  corpuscles  per  unit  volume  can  be  quite  accurately 
counted  with  the  Thoma-Zeiss  hEemacytometer.  'l^e  use  of  this 
instrument  involves  the  accurate  dilution  of  the  blood  and  the  actual 
counting  of  the  corpuscles  in  a  definitely  measured  microscopic 
space. 

The  diluting  pipette  consists  of  a  capillary  tube  and  a  bulb,  the 
Utter  holding  lOO  volumes  of  fluid  while  the  former  holds  1  volume. 
The  ruled  slide  is  marked  on  its  upper  surface  into  400  squares 
55  mm.  each  way  with  extra  lines  in  every  fifth  row  to  enable  one  to 
locate  any  group  of  squares.  Around  the  marked  area  is  a  groove, 
and  then  a  frame  raised  7^  mm.  above  the  marked  plate,  thus  making 


C_  =1  _  _!_2 ^  — £_  -1 Z  l\^c 


between  the  cover-glass  and  the  ruled  plate  a  cubie  space  ^  mm. 
X  ^mm.  X  tV  mm.  or  ^i^mi  cmm.  To  make  the  count,  fill  the 
capillary  tube  with  fresh  blood  to  the  mark  "1,"  then. draw  up  the 
blood  and  the  diluting  solution  (1  per  cent.  NaCl  or  5  per  cent, 
Na^O,)  to  the  mark  "101,"  then  thoroughly  mix  the  bloo<l  and  the 
diluting  .solution  in  the  bulb,  and  place  a  drop  of  this  mixture  on  the 
marketl  slide,  'llien  with  the  microscope  count  the  corpuscles  in  a 
number  of  cubic  spaces  to  get  the  average  and  make  the  correction 
for  dilution,  e.  g.,  twelve  corpuscles  per  cubic  space  X  4000  X  100  = 
4,800,000  red  bloo<l  corpuscles  per  cubic  millimetre.  In  any  particular 
specimen  of  blood  the  numlier  of  red  corpuscles  per  cubic  millimetre 
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will  vary  with  varying  proportions  of  plasma  and  corpuscles.  It  fol- 
lows, then,  that  anything  which  tends  to  increase  the  volume  of  the 
blood  plasma  will  decrease  the  number  of  corpuscles  per  cubic  milli- 
metre of  blood;  while  anything  which  tends  to  decrease  the  volume 
of  the  plasma  will  increase  the  number  of  corpuscles  per  cubic  milli- 
metre of  blood — L  e,,  the  relative  number  of  red  blood  corpuscles 
varies  inversely  as  the  amount  of  plasma.  The  relative  number  of  red 
blood  corpuscles  will  be  increased  by  the  passage  of  the  blood  through 
cutaneous  arterioles  and  capillaries,  after  use  of  solid  food,  and  after 
free  perspiration,  diuresis,  or  diarrhoea.  The  relative  number  of  red 
blood  corpuscles  will  be  decreased  by  the  passage  of  the  blood 
through  intestinal  capillaries  after  a  fluid  meal;  also  by  any  causes 
leading  to  sudden  decrease  in  perspiration  or  in  excretion  of  water 
from  the  kidneys. 

If  the  corpuscles  do  not  vary  in  size  it  is  clear  that  in  successive 
examinations  of  the  blood  of  the  same  individual  the  proportions 
of  blood  corpuscles  found  by  centrifugation  will  be  approximately 
proportional  to  the  number  per  cubic  millimetre.  If  the  corpuscles 
vary  in  size  the  number  will  not  be  proportional,  an  increase  in 
number  being  accompanied  by  a  corresponding  decrease  in  size. 

b.  The  White  Blood  Corpuscles,  or  Leukocytes. 

These  cells  are  composed  of  unmodified  protoplasm  and  possess  a 
nucleus.  They  are  wholly  unspecialized  and  are  the  potential  equiva- 
lents of  a  primitive  unicellular  animal — e.  g.,  the  amoeba.  They  are 
identical  with  the  lymph  corpuscles  and  with  the  wandering  connective- 
tissue  cells.  In  summing  up  their  physical  and  morphologic  characters 
Landois  says:  "These  cells  consist  of  more  or  less  spherical  masses 
of  protoplasm  which  is  sticky,  highly  refractile,  soft,  mononucleated 
or  multinucleated,  capable  of  amcjeboid  movement,  and  devoid  of  an 
envelope  (cell  membrane)."  They  are  of  different  sizes,  from  8/i 
to  14/i  in  diameter,  and  are  classified  as  follows:  (See  Plate  I.,  Fig.  1.) 
(i)  Small  mononuclear,  S/i  to  10/^  in  diameter,  comprise  20  to  30  per 
cent,  of  the  leukocytes,  (ii)  Large  mononuclear ,  12/i  to  13/i,  and  4  to 
8  per  cent,  (iii)  Polynuclcar,  (a)  nculrophile,  12/i  to  14/i,  and  60  to 
70  per  cent.;  (6)  eosinophil e,  12//  to  14//,  and  i  to  4  per  cent.  ITiey 
vary  normally  in  number  from  0000  to  15,000.  These  variations 
are  mostly  due  to  the  process  of  digestion.  The  usual  average, 
however,  is  about  8000  or  10,000  per  cubic  millimetre.  This  count 
may  be  made  while  counting  the  red  corpuscles  by  adding  5  per 
cent,  of  alcohol  methyl  violet  to  either  of  the  diluting  solutions,  thus 
making  the  white  corpuscles  show  by  staining  their  nuclei.  Or  the 
white  corpuscles  may  be  counted  alone  by  using  a  J  per  cent,  solu- 
tion of  acetic  acid,  thus  destroying  the  red  corpuscles  and  making 
the  white  corpuscles  more  distinct. 


PLATE  I. 
BLOOD. 

(Ehrlich  triple  stain.) 
(Prcpare<l  by  Dr.  I.  P.  Lyon.) 

P'lg.  I.    TYPES   OF   LEUCOCYTES. 

a.  Polymorphonucloap  Neutrophile.  5.  PolymorphonucIoRr  Eosinophilo.  e.  Myelocyte 
<Neutrophilic).  d.  Eosinophilic  Myelocyto.  e.  Lnrge  Lymphocyte  (large  Mononuclear). 
/.Small  Lymphocyte  (small  Mononucloar). 

Fig.  II.     NORMAL   BLOOD. 
Fle'.d  contains  one  neutrophils.     Red.s  are  normial. 

Fig.  III.     AN/EMIA,  POST-OPERATIVE  (.secondary). 

The  reds  are  fpwor  than  normial.  and  are  deficient  in  hiemioglobin  and  somewhat 
irregular  in  form.  One  normoblast  is  seen  in  the  field,  and  two  neutrophiles  and  one 
•mtUlymphocyte,  showing  a  marked  post-haemorrhagic  anaemia,  with  loucocytosis. 

Fig.  IV.     LEUCOCYTOSIS,  INFLAMMATORY. 

The  reds  are  normal.  A  marked  leucocytosis  is  shown,  with  five  neutrophiles  and 
•^^  small  lymphocyte.  This  illu.stration  may  also  serve  the  purpose  of  showing  the 
leukocytosis  nf  malignant  tumor. 

Fig.  V.    TRICHINOSIS. 
■'*  marked  leucocytosis  is  shown,  consisting  of  an  eosinophilia. 

Fig.  VI.     LYMPHATIC  LEUKitMlA. 

^'ififhi  anaemia.  A  large  relative  and  absolute  increase  of  the  lymphocytes  chiefly 
tn«'  small  lymphocytes)  is  shown. 

Fig.  VII.     SPLENO-MYELOGENOUS   LEUK/EMIA. 

Thf  reds  show  a  secondary  anaemia.  Two  normoblasts  are  shown.  The  leucocytosis 
^>  nastiive.  Twenty  lou<'ocytes  are  shown,  consisting  of  nine  neutrophiles.  seven  myelo- 
T**.  two  small  lymphocytes,  one 'oosinophile  (polymorphonuclear)  and  one  eosinophilic 
my^hwyte.  Note  th«  polymorphous  condition  of  the  l*>ucocytes,  i.e.,  their  variations 
from  th*»  typical  in  size  and  form. 

Fig.  VIII.     VARIETIES  OF   RED   CORPUSCLES. 

0.  N«.irmnl  Red  Corpuscle  (normocyte).  6,  c.  Ancomic  Red  Corpu.scl«'s.  d-tj.  Poikilooytes. 
i  MiTocyte.  i.  Mogalocyte.  J-n.  Nucleated  Red  Corpuscles.  J,k.  Normoblasts.  /.  Micro- 
bln«t     M.  M.  MegaloblastR. 
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The  diluting  pipette  best  suited  for  the  white  corpuscle  dilution 
dilutes  the  blood  only  ten  times,  thus  giving  a  more  accurate  count 
by  not  diluting  the  blood  so  much. 

TTie  numl)er  of  white  corpuscles  is  increased  during  pregnancy, 
after  parturition,  and  is  very  much  decreased  by  fasting. 

TTie  abnormal  increase  in  the  relative  niunber  of  leukocjies  is 
characteristic  of  the  disease  leukosmia ;  and  may  be  associated  Mith 
other  affections  of  the  blood  or  blood-forming  organs. 

The  minute  structure  of  the  leukocyte  is  not  revealed  to  the  eye 
without  the  use  of  some  system  of  differential  staining.  To  Ehrlich 
we  are  indebted  for  the  first  systematic  work  in  this  field.  He  found 
that  granules  in  the  cytoplasm  reacted  differently  to  acid,  neutral 
and  basic  stains.  The  granules  which  take  the  acid  stain,  eosin,  he 
called  eosinophiles,  those  which  take  the  neutral  dyes  he  called 
neutrophUes,  and  so  on,  differentiating  different  classes  of  granules. 
As  the  subject  was  studied  it  was  found  that  classification  of  the 
leukocytes,  according  to  their  reaction  to  the  stains,  is  convenient 
and  valuable  clinically.  The  term  eosinophile  and  neutrophile  has 
come  to  be  applied  to  the  leukocyte  and  not  to  the  granules  alone. 
The  most  conmion  leukocyte  is  the  polymorphonuclear  neutrophile, 
or  simply  netdrophile;  also  found  sparingly  in  normal  blood  is  the 
eoiinophile.   The  accompanying  plate  gives  the  varieties  of  leukocytes. 

There  may  be  an  abnormal  proportion  of  the  normal  leukocytes 
or  there  may  be  an  appearance,  in  considerable  numbers,  of  the 
rarer  forms  of  leukocyte.  This  subject  is  discussed  in  extenso  in 
the  clinical  treatises  on  the  blood. 

c.  Other  Stractural  Elements  of  the  Blood. 

1.  Blood  Platelets  of  Bizzozero  are  ''pale,  colorless,  oval,  round, 
or  lenticular  disks  of  variable  size" — average  3/i — whose  origin, 
function,  and  destiny  are  yet  under  discussion." 

Lilienfeld^  regards  the  substance  of  blood  plates  as  belonging  to 
the  nudeoalbumins.  They  may  be  observed  in  a  specimen  of  blood 
obtained  by  placing  a  drop  of  ^  or  1  per  cent,  osmic  acid  on  the 
finger  and  pricking  through  the  drop,  mixing  the  drop  of  blood  and 
add  at  once.  The  plates  disintegrate  directly  after  the  shedding  of 
blood,  and  inasmuch  as  the  microscope  reveals  little  clumps  of  the 
granular  debris  of  the  plates  where  the  fibrin  fibrils  cross,  the  theory 
that  these  problematic  bodies  are  active  agents  in  coagulation  seems 
to  have  a  justifiable  basis.  The  part  they  play  is  probably  to  furnish 
one  source  of  the  fibrin  ferment. 

2.  Elementary  Oranoles  are  minute  particles  of  proteid  matter 
probably  arising  from  the  disintegration  of  white  corpuscles  or  of 
the  blood  platelets. 

>  Zelt.  phys.  Chem.,  Bd.  xx.  p.  155. 
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d.  Plasma. 

The  plasma  is  an  alkaline,  viscid,  light  straw-colored  fluid  con- 
taining various  salts  in  solution.  It  has  a  specific  gravity  of  about 
1007,  which  can  be  obtained  from  the  plasma  coUected  from  the 
blood  after  subsidence  of  the  corpuscles.  The  plasma  comprises 
about  50  per  cent,  of  the  blood. 


III.  THE  OHEMIOAL  PROPERTIES  OF  THE  BLOOD. 


a.  Chemical  Composition. 

1.  Analysis  of  the  Blood  proves  it  to  be  composed  of  775  to  800 
parts  of  water  and  200  to  225  parts  of  solids.  The  solids  are  192 
to  217  parts  of  organic  and  7  to  8  parts  of  inorganic  matter.  The 
organic  matter  is  composed  of  hsemoglobin,  of  proteids,  fats,  and 
traces  of  sugar,  while  the  inorganic  matter  is  composed  of  NaG, 
KCl,  NaHCOa,  Na,HPO„  CaHPO,,  CaSO,,  MgCl,,  etc. 

The  best  idea  of  the  chemical  composition  of  the  blood  as  a  whole 
may  be  obtained  by  first  separating  the  blood  into  plasma  and 
corpuscles  by  centrifugation,  and  then  analyzing  each  separately. 
Human  blood  so  treated  would  give  approximately  the  results 
recorded  in  the  following  table,  which  is  the  result  of  an  analysb 
reported  by  Halliburton: 


Chemical 

compofiiiion 

of  blood. 


Water 

Plasma  av. 
50%. 

Max.  567. 
Min.  456. 

Solids 
9.71% 

Take  100 
parts. 

Oxganic 
8.86% 


(  Serom  allramin  ) 
Proteidfl  <  Semm  elobalin  / 
I  Fibrin    .       .       . 


BxtractlTes :  [FUt,  dortran. 
kreatin,  punn  bues,  ete.] 


90.39% 
0.4% 


0.56% 


Inorganic 
0.86% 


Soluble 
salts. 

Insoluble 
salts. 


{ 


NaCl 

MaHOOp  I 

CaHPO«  I 

caao«  j 


Corpuscles. 

Av.  50% 

Max.  M.4% 

Min.  43.3  % 

Take  100 
parts. 


Water 


SoUds 
81.2% 


Organic 
30.4% 


Proteids 
29.79% 


Hsrao-  f  UmvotL-  %  -^ 
globlnl     tin    J"- 
27 

ioiobulin 
,  Globulin    . 


1 


Inorganic 
0.8% 


I 


Fats 


NaCl 
MgCl, 
aHI 


/Lecithin      \ 
tCholestcrin/ 


o.»% 
loaoo 

•8-80% 

«7.36% 
2.4S% 

6.61% 


I  CaHP04 

I    Mg3(P04),   J  ,      , 

Fe.    [See  HsmaUn.] 


O.M% 
100.00 
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2.  Reaction. — ^The  reaction  of  the  blood   arises   not   from  any- 
pecuKarity  of  the  corpuscles,  but  from  the  plasma.    This  fluid  is  a 
complex  one  and  among  other  constituents  contains  Na^HPO^  and 
NaHCO,,  which  give  it  an  alkaline  reaction  in  freshly  shed  blood; 
but  shed  blood  rapidly  loses  its  alkalinity. 

The  average  alkalinity  of  the  blood  is  equal  to  that  of  a  0.2  per 
cent,  solution  of  sodium  hydrate.  The  reaction  of  the  blood  may 
be  qualitatively  determined  by  placing  a  drop  upon  the  surface  of 
a  plaster-of-Paris  disk,  which  has  been  impregnated  with  neutral 
litmus.  If  after  a  moment's  contact  the  blood  be  wiped  oflF,  the 
faint  blue  will  be  seen.  The  alkalinity  of  the  blood  may  be  decreased 
during  health  by  (i)  great  muscular  exertion,  and  (ii)  by  exposure 
of  the  blood  to  the  conditions  of  coagulation.  Pathologically  the 
alkalinity  of  the  blood  may  he  increased  by  persistent  vomiting,  and 
decreased  by  (i)  ansemia,  (ii)  urjemia,  (iii)  rheumatism,  (iv)  high 
fever,  (v)  diabetes,  (vi)  cholera. 

"Generally  speaking,  the  ammonium  salts  which  are  formed 
within  the  body  appear  in  the  urine  as  urea,  but  aside  from  their 
importance  in  this  respect  they  represent  a  reserve  of  alkali  which 
is  capable  of  preventing  an  undue  diminution  in  the  alkalinity  of 
the  blood  by  vicariously  taking  the  place  of  the  fixed  alkalies.  This 
vicarious  action  is  normally  also  at  work,  but  is  then  comparatively 
insignificant  in  extent.  If,  however,  a  specially  large  demand  is 
made  upon  the  alkalies  of  the  body,  as  when  mineral  acids  are 
ingested  for  experimental  purposes,  the  vicarious  action  of  the 
ammonium  salts  at  once  enters  into  play.  Unless  carried  to  extremes, 
the  alkalinity  of  the  blood,  in  the  carnivorous  animals  at  least, 
remains  constant,  but  the  elimination  of  urea  is  proportionately  less, 
and  the  deficit  of  nitrogen  in  this  form  appears  as  ammonia  in 
combination  with  acids. 

"By  gradually  increasing  the  amount  of  acid  it  is  thus  possible 
to  bring  about  the  almost  complete  disappearance  of  urea  from  the 
urine.  A  point,  however,  is  finally  reached  when  the  animal  succumbs 
to  acid  intoxication,  and  then,  and  not  before,  may  free  acids  appear 
in  the  urine.  Death  in  such  cases  results  from  suffocation,  as  there 
is  not  sufficient  alkali  left  in  the  lymph  and  plasma  to  combine  with 
the  carbon  dioxide  in  the  tissues."  (Simon,  Physiological  Chem- 
istry,  p.  231.) 

The  quantitative  determination  of  the  degree  of  alkalinity  of  the 
blood  becomes  a  matter  of  some  clinical  importance.  The  chemical 
composition  of  the  blood  is  remarkably  constant  considering  the 
complexity  of  its  composition  and  the  complexity  of  the  processes 
involved  in  its  rejuvenation  and  the  complexity  of  the  processes 
which  free  it  of  waste  products,  ^ilirough  excess  of  inorganic  salts 
in  the  food  a  temporary  excess  of  those  sidts  may  exist  in  the  blood; 
but  the  increased  endosmosis  of  fluids  and  the  increased  excretion 
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of  urine  and  perspiration  very  soon  carry  off  the  excess  of  salts  and 
water  and  restore  equilibrium..  Excess  of  fats  and  carbohydrates 
is  deposited  in  the  form  of  fat,  thus  restoring  very  readily  the  equi- 
libriuiu  in  the  blood,  but  leading  eventually  to  an  excess  of  fat  deposit 

in  the  svstem. 

» 

Excess  of  proteids  may  be  broken  up,  fats  foimed  from  the  car- 
bonaceous portion  and  deposited  in  that  form.  On  the  other  hand, 
a  deficient  supply  of  any  of  these  may  be  for  a  short  time  overcome 
by  the  use  of  reserve  materials;  but  sooner  or  later  the  deficiency 
will  manifest  itself  in  various  disturbances  of  the  general  nutrition. 
Experience  has  proven  that  the  constituent  of  the  blood  most  impor- 
tant, from  a  clinical  standpoint,  is  the  hemoglobin.  The  only  function 
of  hflemoglobin  is  to  transfer  oxygen  jrom  the  lungs — ^the  seat  of 
external  respiration — io  the  cells — the  seat  of  internal  respiration; 
and  though  the  plasma  assists  in  this  function  it  is  quite  insufficient 
alone,  and  in  fact  a  small  decrease  in  the  haemoglobin  is  soon  attended 
by  a  disturbance  in  general  nutrition  through  lack  of  a  proper  supply 
of  oxygen  to  the  active  cells — i.  e.,  cells  of  secretion  and  excretion 
as  well  as  muscle  and  nerve  cells.  Moreover,  the  imf>ortant  part 
that  iron  plays  in  the  functions  of  hsemoglobin,  the  great  difficulty 
with  which  iron  is  assimilated,  together  with  the  important  proteid 
constituents  of  haemoglobin,  make  that  compound  a  most  sensitive 
and  reliable  index  of  the  general  nutrition  both  as  to  organic  and 
inorganic  compounds.  It  is,  then,  a  matter  of  the  greatest  clinical 
importance  to  l)e  able  to  detennine  with  reasonable  accuracy  the 
amount  of  haemoglobin  present  in  the  blood. 

6.  Quantitative  Determination  of  HaBmoglobin. 

1.  Gravimetnc  Method. — ^The  red  blood  corpuscles  are  made  up 
of  stroma  and  hsemoglobin.  The  stroma  is  the  small  framework  of  the 
corpuscle.  Haemoglobin  comprises  about  90  per  cent,  of  the  corpuscle, 
and  is  made  up  of  96  per  cent,  proteid  and  4  per  cent,  haematin.  It 
therefore  follows  that  the  quantity  of  the  iron  in  the  ash  of  a  weighed 
quantity  of  blood  is  an  exact  index  of  the  quantity  of  haemoglobin 
present.  This  method  is  very  valuable  for  certain  physiologic  inves- 
tigations, but  the  time  required  to  make  a  quantitative  estimation  of 
the  iron  is  too  great  to  justify  this  method  for  cHnical  use. 

2.  Spectroscopic  Method. — (a)  It  has  l:>een  found  that  sunlight 
or  lamplight  in  passing  through  diluted  blood  entering  before  the  slit 
of  a  spectroscope  suffers  an  absorption  of  a  part  of  the  yellow  and  a 
part  of  the  green  of  the  spectrum;  and  the  latter  appears  with^two 
black  bands  through  those  colors — one  just  at  the  right  of  the  D 
lines  and  a  broader  one  just  at  the  left  of  the  E  line  (Plate  II.).  It 
has  been  further  (Hscovered  that  a  (piantitative  variation  of  the 
htemoglobin  causes  a  broadening  of  these  bands.     Preyer  has  used 
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basis  for  a  quantitative  lietennination  for  clinical  purposes. 
>mpanying  plate  shows,  in  spectra  2,  3  and  4,  the  influence 
ing  quantity  of  hi^nioglobin  upon  the  transmission  of  light 
irisms.  An  0.8  per  cent,  solution  of  hiemoglobin  absorbs 
the  light,  while  a  solution  one-tenth  that  strength  would 
ttle  light;  namely,  the  two  extremes  of  red  and  violet  and 
acteristic  bands  in  the  yellow  and  green.  Study  carefully 
ion  and  width  of  the.se  absorption  bands, 
variation  of  this  method  which  gives  much  more  exact 
described  in  Long's  Chemical  Pktfsiology  (pp.  150  to  156). 
lethod  the  spedrosco'pe  is  converted  into  a  gpectropkotometer 
quantity  of  light  transmitted  is  measured,  the  basis  of  the 
ation  being  the  fact  that  equal  dilutions  of  htemoglobin 
equal  amounts  of  light. 


tuemagloblQometer. 


orimetric  Metbods  of  Detenmning  the  Hsomoglobin.— 
nation  of  the  coloring  matter  of  the  blood  is  based  on  the 
fact  that  the  healthy  individual  under  normal  surround- 
a  normal  amount,  or  KHI  per  cent,  of  coloring  matter. 
dichl's  Hamometflr  (Fig.  <K))  con.sists  of  a  colored-glass 
id  a  partitioned  cup  in  which  distilled  water  and  definitely 
>lood  are  placed  on  either  side.  The  comparison  is  then 
ectly  in  percentages  by  the  use  of  transmitted  artificial  light. 
Iran'  Hamoglobinom«t«r  (F\fi.  $.9)  consi.sts  of  a  standard 
oIutioTi,  a  pipette  holding  2(1  c.mm.,  and  a  graduated  test- 
lie  colortil  solution  n^pn-sents  the  color  of  a  1  per  cent. 
>f  nonnal  blood.  'I'lie  graduated  tul>e  is  marked  in  100  or 
lal  parts;  each  mark  represents  20  c.mm.  To  make  the 
>lace  20  c.mm.  of  blood  in  the  tube  and  then  dilute  with 
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distilled  water  until  the  color  of  diluted  blood  corresponds  with  that 
of  the  standard  solution.  Then  read  the  percentage  of  coloring 
matter  in  the  specimen  from  the  graduated  tube.  ITiere  is  one 
instrument  for  artificial  light  and  another  for  sunlight;  the  former 
has  a  black  pigment  in  the  standard  tube,  the  latter  a  white  substance. 
(c)  Among  the  valuable  instruments  which  should  be  mentioned 
are:  Olivw'i,  which  is  like  the  Fleischl  instrument,  except  reflected 


light  is  used.  It  is  a  very  accurate  instrument,  but  costly  and  hard 
to  use.  Dare's,  which  is  the  same  as  Fleischl's  except  it  compares 
a  film  of  undiluted  blood  with  a  colored-glass  wedge,  Tallqatot's 
which  compares  undiluted  blood  in  filter-paper  with  graduated  red- 
colored  paper. 


IV.    THE  FUNOTIONS   OF  VARIOUS  PARTS  OF  THE  BLOOD. 

a.  Plasma. 
This  part  of  the  blood  carries  in  liquid  form  the  nutri- 
ment of  the  body.  The  nutriment  enters  the  alimentary  canal 
in  the  form  of  various  liquid  or  solid  proteids,  carbohydrates,  and 
fats,  with  salts,  solid  or  in  solution  in  water.  During  digestion  the 
proteids   are   changed   to   peptones,   the   carbohydrates   to   soluble 
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(,  the  fats  to  fatty  acids  and  soaps,  and  the  salts  are  dissolved 
t  the  nutriment  absorbed  is  much  more  uniform  in  both  physical 
bemical  properties  than  was  the  food. 

ring  absorption  the  peptones  are  changed  to  serum  globulin 

3rum  albumin;  the  fatty  acids  and  soaps  are  changed  to  emul- 

Soon  after  absorption  the  sugars  are  deposited  as  glycogen 

liver  or  consumed  in  the  muscles;  the  fats  are  likewise  disposed 
t  the  plasma  is  kept  fairly  uniform  in  the  quality  of  its  nutriment, 
nctions  are:  (i)  to  carry  absorbed  nutriment  to  the  metabolic 
s;  (ii)  to  carry  excrement  to  the  organs  of  excretion;  (iii)  to 

in  carrying  oxygen  to  the  tissues  and  in  carrjring  CO,  from 
s  to  lungs. 

6.  Corpuscles. 

rhe  Red  Blood  Corpuscles.— These  modified  cells  are  oxygen 
rs.  The  oxygen  is  held  chemically  by  the  haemoglobin  and 
d  from  the  lung  capillaries  to  the  metabolic  tissues,  where  it 
t  as  essential  as  the  nutrients. 

rhe  White  Blood  Corpuscles. — (i)  These  cells  carry  solid  par- 
from  one  part  of  the  organism  to  another.  (See  Decay  and 
uction  of  Red  Blood  Corpuscles.)  (ii)  They  fill  breaks  in  the 
mity  of  tissues  and,  with  fibrin,  build  new  tissue  into  the  wound. 
ITiey  surround  foreign  bodies  (e,  jr.,  slivers),  protecting  the  tissues 
extensive  laceration,  (iv)  The  leukocytes  act  as  the  scavengers, 
!ting  the  organism  as  far  as  possible  from  the  invasion  of 
genie  microbes.  These  are  usually  engulfed,  digested  by  the 
?ytes,  and  expelled  from  the  system.  This  is  called  phagocytosis. 
leukocytes  have  also  the  power  of  being  drawn  to  or  of  being 
ed  from  certain  chemical  and  bacterial  products;  this  is  called 
>t4ixis.  (vi)  The  leukocytes  have  also  the  power  of  forming 
xins  or  bacterial  poisons,  to  neutralize  bacterial  toxins  if  not 
jtroy  the  bacteria  themselves. 


V.    THE  TOTAL  QUANTITT  OF  THE  BLOOD. 

cases  of  severe  hemorrhage,  where  the  quantity  of  blood  lost 
•e  more  or  less  accurately  determined,  it  may  be  important  to 
the  total  amount  of  blood  in  the  body  in  order  to  estimate 
noportion  that  has  been  lost.  There  are  two  methods  for  deter- 
ig  the  total  quantity  of  blood. 
The  Determination  in  a  Dead  Animal. — Welcker's  (Zeitsch, 

ionale  Medicin,   1858)  method  is  as  follows:     (i)   Bleed  the 

il,  taking  the  weight  of  the  blood  so  obtained,     (ii)  Of  the 

first  drawn,  defibrinate  a  few  grams  to  dilute  and  use  as  a 

standard,     (iii)  Wash  out  the  circulatory  system  with  w^rm 

10 
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normal  saline  solution,  determining  the  blood  by  diluting  the  standard 
with  a  measured  quantity  of  water  to  the  same  color,  (rv)  Remote 
and  hash  all  tissues,  making  an  aqueous  extract,  whose  blood  content 
may  be  determined  as  in  (iii).  The  sum  of  amounts  (i),  (in),  and 
(iv)  is  the  total.  This  varies  somewhat  for  different  animals;  usually 
from  T^  to  3^  of  the  body  weight,  averaging  yj  in  man  and  the  dog, 
•^  in  the  cat,  j^  ^^  *he  rabbit  and  in  the  newborn  child. 

2.  The  Determination  in  a  Live  Animal.— This  was  accom- 
plished by  Gr^hant  and  Quinquand  {Jour,  de  I'anai,  et  phynol.,  etc., 
Paris,  1882,  No.  6,  p.  564),  by  allowing  the  animal  to  respire  a 
known  quantity  of  CO  with  oxygen,  afterward  determining  the 
amount  of  CO  in  a  small  amount  of  drawn  blood.  Then,  Total 
blood  :  Draum  blood  :  total  CO  : :  drawn  CO. 


VI.  theXproteotion  of  the  blood  supplt. 

If  the  blood  plays  such  an  important  part  in  the  economy  of 
the  body,  may  we  not  expect  that  some  provision  is  made  for  the 
protection  of  animals,  in  a  measure  at  least,  from  accidental  breaks 
in  the  integrity  of  the  system  of  tubes  in  which  the  blood  circulates? 
If  any  slight  accident  may  sever  an  artery  from  which  the  blood  can 
flow  unhindered,  then  surely  would  animal  life  be  precarious.  But 
there  have  arisen  in  the  animal  kingdom  two  methods  of  protection 
against  the  accident  indicated  above. 

1.  The  Location  of  the  Vessels. — AU  important  vessels  are  locaied 
as  deeply  as  possible.  Those  that  come  near  the  surface  are  on 
the  inner  and  flexor  sides  of  the  limbs,  where  there  is  greatest 
protection. 

2.  The  Influence  of  the  Intima. — Many  small  vessels,  both  veins 
and  arteries,  lie  near  the  surface  of  the  body.  What  special  provision 
is  made  for  these?  The  inner  coat  of  a  severed  small  vessel  either 
mechanically  or  by  some  ferment  influence  is  a  most  important 
factor  in  the  ready  formation  of  a  clot. 

3.  The  Coagulation  of  the  Blood.— The  most  important  protec- 
tion against  excessive  bleeding  is  the  tendency  of  the  blood  to  undergo 
a  change  as  soon  as  it  pasvses  through  a  wound  in  a  vessel.  This 
remarkable  change  which  the  blood  undergoes  involves  a  chemical 
reaction  between  certain  convStituents  of  the  blood;  the  wonderful 
feature  about  this  reaction  is  the  fact  that  normally  it  is  adjusted  in 
time  and  place  to  the  severing  of  the  continuity  of  a  bloodvessel. 

The  coagulation  of  normal  blood  is  a  phenomenon  that  takes 
place  quite  constantly  in  from  three  to  five  minutes,  but  in  disease 
this  may  be  prolonged  indefinitely.  The  time  [required  for  coagu- 
lation may  be  approximately  tested  by  placing  a  fresh  drop  of  blood 
on  a  warmed  glass  slide,  and  while  holding  it  in  the  hand  draw 
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through  the  drop  a  fine  needle  or  a  straw  from  an  ordinary  broom 
every  quarter  of  a  minute,  and  note  when  the  clot  follows  the  straw 
out  of  the  drop. 

The  principal  gross  phenomena  of  coagulation,  as  observed  in  a 
beaker  of  drawn  blood,  are:  (i)  the  formation  within  two  minutes  of 
a  jelly-like  layer  over  the  surface  of  the  blood;  (ii)  the  formation 
of  a  similar  layer  within  two  to  seven  minutes  around  the  sides  of 
the  vessel;  (iii)  the  formation  of  a  complete  homogeneous  clot  in 
from  seven  to  sixteen  minutes;  (iv)  the  contraction  of  the  clot,  which 
results  in  the  exudation  of  serum  from  its  surface.  Eventually  the 
contraction  is  so  extensive  that  the  clot  occupies  about  one-half  of 
the  entire  volume,  and  usually  rests  upon  the  bottom  of  the  dish. 
The  time  required  to  completely  coagulate  the  blood  is,  in  man,  two 
to  sixteen  minutes;  in  the  horse,  five  to  thirteen  minutes;  in  the 
dog,  one-half  to  three  minutes;  in  the  rabbit,  one-half  to  one 
and  one-half  minutes.  In  the  pigeon  the  coagulation  is  almost 
instantaneous. 

Coagulation  is  hastened  by:  (i)  temperature  above  normal  body 
temperature;  (n)  contact  with  foreign  matter;  (iii)  agitation;  (iv) 
addition  of  calcium  salts. 

Coagulation  is  retarded  or  prevented  by:  (i)  low  temperature; 
(n)  addition  of  an  equal  volume  of  saturated  solution  of  MgSO^  or 
Na^SO^;  (iii)  addition  of  oxalates,  which  precipitate  the  calcium  as 
mn  oxalate;  (rv)  addition  of  leech  extract;  (v)  injection  of  solution 
of  commerdid  peptones  into  the  vascular  system  of  an  animal  before 
mn  exrcriment  will  retard  coagulation. 

4.  The  Factors  of  Coagulation. — These  are  some  of  the 
questions  which  have  presented  themselves  for  solution  in  this 
connection: 

(1)  What  constituents  of  the  blood  take  part  in  the  reaction? 

(2)  Whence  are  these  constituents  derived? 

(3)  What  are  the  factors  which  determine  the  time  and  place  of 
coagulation? 

All  of  these  questions  have  been  variously  answered  by  various 
investigators.  A  review  of  the  history  of  this  investigation  would 
consume  too  much  time.  Of  the  long  list  of  students  of  these  questions 
the  name  of  Alexander  Schmidt,  who  for  over  thirty  years  has  been 
experimenting  in  this  field  at  the  Physiological  Laboratory  of  Dorpat 
University,  Russia,  stands  in  the  front  rank.  The  Swedish  inves- 
tigator Hammarsten  stands  next  in  rank  to  Schmidt  in  this  field. 
Alexander  Schmidt's  original  theory  published  in  1861  was:  Fibrin- 
ogen, Fibrinoplastin  and  Fibrin  Ferment  are  the  three  fibrin  factors, 
and  their  combination  is  determined  in  time  and  place  by  the  liber- 
ation of  the  ferment  at  the  point  of  rupture  of  the  endothelial  lining 
of  the  bloodvessels  from  leukocjrtes  and  endothelial  plates.  Ham- 
marsten and  Schmidt  have  more  recently  found  that  fibrinoplastin 
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is  not  a  necessary  factor.  Hammarsten  and  the  Dorpat  School  have 
further  found  that  ''unless  a  certain  amount  of  salts  be  present 
coagulation  takes  place  slowly  or  only  partially."  Freund  has  shown 
that  ''the  process  of  coagulation  is  always  accompanied  by  an 
excretion  (separation)  of  phosphates  of  the  alkaline  earths.^  Fibrin 
contains  a  constant  amount  of  these  phosphates.  Coagulable  fluids 
coagulate  after  the  addition  of  these  salts.  This  is  true,  too,  of 
sulphates  of  these  metals — e,  g,,  CaSO^.'*  The  theory  of  Wooldridge 
deserves  mention  here  only  to  afford  an  opportunity  to  quote  HalB- 
burton's  statement  regarding  it :  "  1 .  The  whole  theory  is  based  upon 
experiments  with  peptone  plasma;  but  such  plasma  performs  differ- 
ently from  normal  plasma.  2.  It  is  difficult  from  Wooldridge's 
publications  to  find  a  logical  basis  for  his  conclusions."  This  state- 
ment was  made  ten  years  subsequent  to  the  publication  of  the  theory. 
Hammarsten's  theory  published  in  1891  is,  briefly  stated,  as  follows: 
Coagulation  is  caused  by  Fibrinogen  and  Fibrin  Ferment  in  the 
presence  of  neutral  salts  of  the  alkaline  earths,  especially  CaSO^  and 
CaHPO,. 

To  Alexander  Schmidt  and  the  Dorpat  School  we  must  give  the 
credit  of  making  the  most  profound  investigation  of  this  subject 
Most  writers  do  Schmidt  the  injustice  of  only  associating  his  name 
with  the  first  theory  which  he  published  in  the  first  years  of  bis 
work,  wholly  ignoring  all  his  subsequent  investigations  and  the 
subsequent  recasting  of  his  theory.  His  publication  in  1892  on  Blut 
lehre  is  the  most  comprehensive  treatise  ever  published  on  coagulation. 
Every  step  of  the  theory  is  based  upon  repeated  experiment  upon 
perfectly  normal  blood.  Schmidt  emphasizes  the  fact  that  coagulation 
is  brought  about  by  the  action  of  a  jerment  upon  the  fibrinogen^  both 
of  which  exist  in  the  blood.  He  further  emphasizes  the  necessity  of 
the  presence  of  the  calcium  salts.  His  investigation,  however,  does 
not  stop  at  this  point;  he  and  his  pupils  have  sought  the  source  of 
the  fibrin  factors  and  find  that  not  in  the  blood  corpuscles,  not 
in  the  blood  platelets,  and  not  in  the  endothelial  cells  alone  is  found 
the  source  of  fibrin  fennent,  but  that  it  arises  wherever  protoplasm 
undergoes  destructive  metabolism;  and  concludes,  finally:  "Kbrin 
ferment  is  present  in  the  free  state  not  only  in  circulating  blood  in 
small  quantities,  but  also  in  small  quantities  is  widely  distributed 
throughout  the  entire  organism."  He  finds  by  experiment  that  it 
is  less  active  in  circulating  blood  than  in  freshly  shed  blood,  and 
determines  the  cause  to  be  a  rapid  chemical  cluuDige  which  takes 
place  in  the  ferment  immediately  after  the  blood  is  shed.  He  calls 
the  more  active  form  Thrombin  and  the  less  active  form  in  circulation 
Prothroinbin.  Further,  he  and  others  find  that  it  is  a  nudeoaUbumin 
derived  from  the  katabolism  of  the  nucleus.    As  to  Fibrinogen:    he 

>  The  alkaline  earths  are  Ca,  Sr,  and  Ba.    The  blood  containi  calotum  pboapliftte. 
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has  also  found  that  widely  disseminated,  and  has  traced  it  back  as 
a  derivative  from  Paraglobidin;  this  in  turn  is  derived  from  Pre- 
globulin,  and  this  from  cytoglobvlin,  which  is  a  derivative  of  cell 
protoplasm,  or  cytoplasm.  The  relation  of  these  products  to  cell 
protoplasm  on  the  one  hand,  and  to  coagulation  on  the  other,  is 
shown  in  the  following  diagram: 

r  Nucleic  acid. 

I  Nudein.  . 

Nooleoplann.   ■{  y ^ 

\  Nudeoalbumin  —( 

V.  \  Prothrombin iTTiromWn.  "\ 


OeU 


Fluid. 
Fibrin. 


Fibrin. 


(  Cytin.  / FVbrinoQtn,  \ 

\                                      •Pamglobulin-f^  ) 

Cjto-     -l  Cytwlo-^PreglobulIn-:'  \ ?; 

PlAsma  contains Coidum  mUH. 

Pekelharing's  theory  must  be  mentioned  here.  Briefly  stated  it 
is  as  follows:  Thrombin  differs  from  nucleodlbumin  in  xis  richness 
in  calcium  salts.  Fibrin  contains  much  calcium.  Fibrin  is  probably 
a  calcium  compound  of  fibrinogen.  In  coagulation  the  calcium  salt  is 
probably  dissociated  from  fibrin  ferment  and  associaied  with  fibrinogen, 
precipitating  the  latter  in  fine  threads.  The  difficulty  with  this  theory 
is  that  it  seems  either  to  necessitate  a  quantitative  relation  between 
the  amount  of  fibrin  ferment  and  the  amount  of  fibrin  precipitated, 
or  to  make  the  thrombin  a  carrier  of  the  calcium,  in  which  case  we 
would  have  to  answer  some  puzzling  questions  as  to  where  and 
how  the  changes  occur.  But  the  investigators  in  this  field  uniformly 
give  the  quantity  of  ferment  as  minute,  and  ascribe  to  it  a  real  ferment 
action  so  that  the  small  amount  suffices  to  produce  a  considerable 
effect  if  the  time  be  sufficient;  furthermore,  the  calcium  salts  present 
in  the  plasma  would  seem  to  satisfy  the  conditions.  All  things 
considered  the  later  theory  of  Schmidt  and  Hammarsten  is  as  satis- 
factory as  any. 

VII.    THE  EFFECT  OF  HEMORRHAGE. 

Repeated  experiment  has  shown  that  one-fourth  or  one-third  of 
the  blood  may  be  drawn  without  causing  serious  symptoms,  and 
about  one-half  without  causing  death.  One-half  the  circulating 
blood  is  supposed  to  be  practically  the  limit.  Whether  the  with- 
drawal of  blood  shall  be  more  or  less  dangerous  to  life  depends 
upon  several  complicating  factors: 

(a)  The  Time  consumed  in  the  withdrawal  of  the  blood  is  an 
important  factor.  The  experiments  of  Prevost  and  Dumas  in  1823, 
and  more  recently  those  of  Nasse,  Vierordt  and  others,  have  shown 
that  during  a  slow  withdrawal  the  blood  will  be  replenished  from 
the  lymph  and  plasma  of  the  tissues,  and  if  the  hemorrhage  cover 
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sufficient  tyne  much  more  than  5  per  cent,  of  the  body  weight  may 
be  withdn^wn — e.g,y  Tohnatscheff  in  seventy-one  days  drew  from 
a  dog  blood  equal  in  weight  to  15  per  cent,  of  the  body  weight.  It 
is  clear  that  in  this'  case  the  withdrawal  was  sufficiently  slow  to 
enable  the  corpuscle-making  organs  to  actually  replenish  the  cor- 
puscular elements.  In  this  way  may  be  demonstrated  the  rate  at 
which  the  blood  may  be  replenished.  When  the  hemorrhage  takes 
place  within  a  shorter  period — as  one  hour — ^the  plasma  alone  will 
be  in  part  replenished  so  that  the  blood  last  drawn  would  be  much 
poorer  in  corpuscles  than  the  blood  first  drawn. 

(6)  The  Oircunstances  under  which  the  hemorrhage  takes  place 
enters  as  a  factor  into  the  effect.  For  example,  loss  of  a  given  quantity 
of  blood  from  an  animal  under  anaesthesia  causes  less  disturbance 
of  the  system  than  the  loss  of  the  same  quantity  as  a  result  of  an 
accident.  In  the  latter  case  shock  enters  in  as  a  strong  factor;  in 
fact,  it  is  ipuch  the  stronger  factor  of  the  two. 

VIII.  TRANSFUSION. 

1.  The  Transfusion  of  Blood.— The  first  recorded  transfusion 
of  blood  was  attempted  by  Lower  in  1665.  He  successfully  made 
a  direct  transfusion  of  blood  from  one  dog  to  another  direcdy  after 
the  latter  had  been  bled  to  the  death  limit.  The  measure  of  the 
success  of  the  transfusion  is  the  fact  that  the  second  dog  lived  and 
showed  no  serious  sequelae  of  the  operation. 

In  1667  Denis  successfully  transfused  the  blood  of  a  lamb  to 
the  circulatory  system  of  a  man.  Subsequent  attempts  gave  such 
a  large  percentage  of  failure  that  it  fell  quite  into  disrepute  in  the 
medical  profession  until  after  a  long  series  of  experiments  upon 
lower  animals.  These  experiments — for  the  most  part  performed 
during  this  century  and  many  of  them  recently — have  demonstrated 
the  following  facts:  (i)  The  blood  of  the  same  species,  or  even 
of  the  same  genus,  may  be  directly  transfused,  but  the  danger  of 
coagulation  is  very  great,  (ii)  The  defibrinated  blood  of  the  same 
species  or  genus  may  be  transfused  (indirect  transfusion),  but 
the  danger  here  rests  in  the  introduction  of  a  fluid  which  contains 
a  very  much  larger  percentage  of  thrombin  than  exists  in'  normal 
blood;  this  excess  of  thrombin  induces  coagulation  on  the  slightest 
provocation.  The  process  of  defibrination  subjects  the  blood  to 
the  danger  of  introduction  of  particles  of  foreign  matter — even 
bacteria. 

All  of  these  make  the  dangers  of  the  transfusion  of  defibrinated 
blood  too  hazardous  to  be  recognized  by  the  medical  profession 
as  a  solution  of  the  question. 

2.  The  Transfusion  of  an  Artificial  Serum. — It  has  been  found 
that  the  most  serious  symptoms  of  rapid  hemorrhage  arise  from  sudden 
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decrease  of  the  amount  of  circulating  fluid,  together  with  a  moderate 
/aU  o/  blood  pressure;  thus  the  principal  indication  to  fulfil  is  to 
replenUh  the  quantity  of  ftuid  without  reference  to  the  corpuscles 
or  to  the  nutritive  elements  of  the  plasma.  The  fluid  introduced 
must  be  of  such  a  character  as  to  cause  no  disturbance  of  the  system. 
Warm,  sterilized  normal  salt  solution  (NaCl  0.9  per  cent.),  injected 
either  subcutaneously  or  into  an  exposed  vein,  has  been  successfully 
used  in  surgical  and  obstetric  cases. 

3.  Indications  for  Transfusion. — (i)  Dangerous  hemorrhage  or 
CO  poisoning  indicates  injection  of  the  above  fluid,  (ii)  Hsemo- 
philia,  the  inmiediate  indirect  transfusion  of  blood  of  the  same 
species.     If  the  collapse  is  not  too  far  advanced  revival  is  possible. 


2.  THE  LTMPH. 

I.    THE  PHTSIOAL  PROPERTIES. 

Like  blood  this  liquid  is  composed  of  a  plasma  in  which  corpuscles 
float.  The  lymph  plasma  is  quite  like  blood  plasma  in  its  composition 
and  in  its  power  to  coagulate. 

1.  Odor. — ^The  lymph  of  the  smaller  lymphatics  has  a  light 
yellowish  color;  that  of  the  thoracic  duct  is  yellowish  opalescent 
or  even  milky.  It  assumes  the  latter  color  after  a  meal  when  it  is 
laden  with  fat.    In  that  condition  it  is  usually  called  chyle. 

2.  The  Specific  Gravity  of  the  lymph  is  1012  to  1022. 

3.  Amount. — ^The  amount  of  lymph  has  been  estimated  to  be 
about  two  or  three  times  the  amount  of  the  blood.  The  normal 
amount  of  chyle  has  been  measured  as  between  3  or  4  kilos  formed 
in  twenty-four  hours. 

II.  THE  MORPHOLOOT  OF  THE  LTMPH. 

The  structural  elements  of  the  lymph  are  the  levkocytes,  (Quid 
vide.) 

in.  THE  OHEMIOAL  PROPERTIES  OF  THE  LTMPH. 

Lymph       Chyle 
CoMmruBMn.  or  Man.     op  Doo. 

WatBB 94.2             90.67 

Souiw 4.8             9.88 

Organic 8.95            8.54 

ProCeidsCieramalbamin,  serum  globulin,  fibrin)  8.76           2.21 

FMs,  lecithin,  and  cbolesterin 0.10           6.10 

SxtntcUvei  (dextrose,  urea,  etc.) 0.10           0.28 

Jnorganie 0.85           0.79 

Sodium  chloride 0.56 

Sodium  carbonate 0.24 

Other  salts  containing  K,  Ca,  and  traces  of  Hg  and  Fe  as 

chlorides,  sulphates,  or  phosphates 0.05 
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Extractives  containing  dextrin,  urea,  kreatin,  purin  bodies,  etc., 
are  found  in  traces  the  same  as  in  the  blood,  this  being  the  origin 
of  the  same  in  the  blood. 


( 


C.  THE  FORMATION  AMD  DESTRUCTION  OF  THE 

CORPUSCLES. 

1.  THE  ORIGIN  OF  THE  RED  BLOOD  OORPUSOLES. 


1.  During  Intrauterine  Life. — ^I'he  prenatal  origin  of  the  cor- 
puscles may  be  subdivided  into  two  periods,  the  embryonic  'period 
and  the  feted  period. 

(a)  The  Emlryonic  Period  is  characterized  by  the  formation 
of  blood  and  bloodvessels  in  the  vascular  area  of  the  egg  and  of 
bloodvessels  within  the  embryo.  In  both  cases  the  fundaments 
of  the  circulatory  system  are  formed  from  mesenchyme  cells.  Regard- 
ing the  primitive  red  blood  corpuscles  we  shoidd  remember  that 
they  "  exhibit  amoeboid  movements,  have  less  than  the  usual  quantity 
of  haemoglobin,  are  nucleated,  globular,  larger  and  more  irregular 
and  variable  than  the  permanent  corpuscles."  Next  they  become 
normally  colored,  but  they  retain  the  nucleus  during  intrauterine 
life.  They  are  capable  of  multiplication  by  karyokinesis.  The 
relative  number  of  non-nucleated  corpuscles  rapidly  increase  during 
the  fetal  period,  in  mammals,  until  at  birth  no  nucleated  corpuscle 
remain. 

(6)  The  Fetal  Period.  After  the  establishment  of  the  different 
systems  of  organs  the  formation  of  blood  corpuscles  goes  on  within 
the  embryo.  Neumann  and  Lowit  observed  the  formation  of  nucleated 
blood  corpuscles  in  the  fetal  liver  and  in  the  spleen;  while  Foa  and 
Saviola  observed  it  in  the  lymphatic  glands. 

2.  During  Extrauterine  Life. — "The  balance  of  evidence  points 
to  the  formation  of  red  blood  corpuscles  in  extrauterine  life — ^in  all 
higher  vertebrates — by  the  same  process  as  in  fetal  life — i.  e.,  by 
karyokinesis  of  a  typical  cellular  element — the  erythroblast — which 
during  extrauterine  life  is  chiefly  found  in  the  red  marrow  of  bones." 
(Bizzozero,  Neumann.)  The  transition  from  the  fetal  method  to 
the  extrauterine  method  is  not  a  sudden  one,  and  the  fetal  method 
may  l)e  later  employed  after  severe  hemorrhages. 


2.  THE  DEGAT  OF  THE  RED  BLOOD  OORPUSOLES. 

Investigation  has  revealed  the  following  facts:  (i)  There  are 
fewer  red  blood  corpuscles  in  the  hepatic  vein  than  in  the  portal  vein. 
(ii)  The  bile  pigments  are  formed  from  haemoglobin,     (iii)  Dis- 
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integrated  red  blood  corpuscles  are  to  be  seen  in  the  cells  of  the  spleen 
pulp.  The  conclusions  to  be  drawn  from  these  facts  are:  (i)  The 
corpuscles  in  question  meet  their  end  in  the  liver  and  spleen,  (n) 
At  least  a  part  of  the  haemoglobin  is  lost  in  the  excretion  of  the  bile 
pigments.  Further  investigation  shows  that  a  part  of  the  disinte- 
grated corpuscles  is  taken  up  by  the  leukocytes  and  carried  to  the 
red  marrow  of  bones — possibly  to  the  spleen,  and,  in  the  former 
location  at  least,  utilized  by  the  erythroblasts  in  building  up  new 
corpuscles.  It  is  estimated  that  the  life  of  a  red  blood  corpuscle  is 
about  three  or  four  weeks. 


3.  THE  FORMATION  AND  DESTRUCTION  OF  LEUK00TTE8. 

• 

TTie  leukocytes  are  formed  chiefly  as  lymph  corpuscles  in  the 
lymphatic  glands.  The  fine-meshed  adenoid  tissue  of  these  glands 
seems  to  catch  and  hold  all  of  the  senile  leukocytes  and  to  allow 
only  the  more  active  corpuscles  to  pass  through.  Although  many 
leukocytes  are  stopped  by  the  lymphatic  glands,  there  are  very 
many  more  in  the  efferent  than  in  the  afferent  stream.  The  necessary 
inference  is  that  the  lymph  gland  forms  these  new  leukocytes  and 
they  enter  the  lymph  stream  and  so  pass  into  the  circulation. 

What  has  been  observed  in  the  relation  of  the  lymphatic  glands 
holds  for  the  spleen,  one  of  whose  functions  seems  to  be  to  detain 
the  leukocytes  which  have  engulfed  senile  red  blood  corpuscles. 
In  some  way  the  broken-down  red  blood  corpuscle  is  transferred  to 
the  liver,  probably  through  the  agency  of  the  leukocytes.  The 
splenic  vein  contains  far  more  leukocytes  than  the  splenic  artery. 
The  spleen  must  be  a  nidus  for  their  formation. 

The  leukocytes  are  destroyed  in  the  blood  and  lymph  by  simple 
disintegration,  giving  origin,  at  least  in  part,  to  the  prothrombin 
mentioned  under  coagulation. 


4.  SUMMARY  OF  THE  FUNCTIONS  OF  THE  SPLEEN. 

The  spleen  is  as  completely  and  exclusively  connected  with  the 
circulatory  system  as  is  the  heart.  The  general  function  of  the 
spleen  seems  to  be  to  keep  the  corpuscular  elements  of  the  blood 
constant,  or  at  least  to  assist  in  that  important  office. 

The  specific  functions  of  the  spleen  are  obscure.  Some  idea  of 
its  functions  may  be  gained  by  the  following  methods: 

(a)  By  Extirpation. — ^The  removal  of  a  dog's  spleen  seems  to 
make  no  essential  difference  in  his  general  physical  condition.  After 
a  few  weeks  an  enlargement  of  the  lymph  glands  and  an  increase 
of  the  red  marrow  of  the  long  Iwnes  occur. 
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(b)  By  Ohemieal  Examination  it  is  found,  1st,  that  the  spleen  yields 
a  preponderance  of  those  inorganic  salts  found  in  the  red  blood 
corpuscles;  2d,  that  the  extractives  are  such  as  are  produced  by  the 
breaking  up  of  proteids. 

(c)  By  Microscopic  Examination  after  Hemorrhage. — ^The  spleen 
normally  contains  large  leukocytes  which  have  taken  in  one  or  more 
red  blood  corpuscles,  but  after  hemorrhage  also  numerous  red 
nucleated  hematoblasts  (homologues  to  the  erythroblasts  of  red 
marrow  of  bones). 

(d)  By  Oncometer  Onrves.  (See  Fig.  91.) — ^An  oncometer  is  a 
metallic  case  made  for  the  purpose  of  enclosing  an  active  organ. 
The  space  between  the  organ  and  the  case  is  filled  with  warm  saline 

Fio.  91 


R  R,  respimtorj  waves ;  CCC,  waves  of  rhythmic  contraction  of  muscle  tissue  of  capsule 
and  trabeculse;  Jf  Jf,  wave  occurring  four  to  Ave  hours  after  a  meal.  Waves  R  R  evidently 
depend  upon  general  blood  pressure.  Heart  waves  do  not  show  in  the  oncometer  curve.  The 
waves  C  C  probably  show  an  independent  action  of  the  spleen  directed  to  the  partial  emptying 
out  of  its  blood.   The  wave  M  is  probably  caused  by  a  heaping  up  of  absorbed  fbodstuflh. 

solution.  Any  change  in  the  volume  of  the  organ  affects  the  recording 
apparatus  by  transmission  through  a  column  of  liquid  which  Ls 
continuous  with  that  which  surrounds  the  organ. 


D.  THE  CIRCnLATION  OF  THE  FLUIDS. 

The  l)est  general  idea  of  the  course  which  the  blood  takes  in  its 
circuit  through  the  body  may  be  gotten  from  such  a  schema  as  that 
shown  in  the  accompanying  figure  (Fig.  92). 


1.  THE  ACTION  OF  THE  HEART. 

In  order  to  observe  directly  the  movements  of  the  heart  one  may 
institute  artificial  respiration,  open  the  chest,  tying  all  bleeding 
vessels,  open  the  pericardium,  and  note  at  leisure  the  movements 
of  the  organ  while  it  works  under  the  slightly  changed  conditions. 

In  such  an  experiment  one  may  observe:  (i)  A  series  of  con- 
tractions (systole)  alternating  with  a  series  of  dilatations  (diastole). 
(ii)  Auricular  contraction  preceding  ventricular  contraction,  (iii) 
Auricular  contraction  beginning  with  the  contraction  of  the  muscle 
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D  encircle  the  large  veins,  immediately  thereupon  involving 
the  whole  auricular   wall,      (iv)  The  auricles  contracting  simulta- 
neously, but  not  completely  emptied  when  the  ventricular  contraction 
begins,     (v)   Auricular  systole  ends  at 
(he  moment  that  ventricular  sj-stole  be-  fio.  k 

gins,  (vi)  The  ventricles  liegin  their 
euiitractioD  sinmltaueously  and  cease 
^njultaneously. 

a.  Changes  of  Form  which  the  Heart 
TTndergoea. 

(a)  Obettrred  in  the  Open  Thorax  of  a 
mammoi,  which  is  lying  upon  its  back. 

(a)  DuEUNG  Diastole  the  transverse 
tii&meter  becomes  markedly  greater  and 
the  dorsoventral  diameter  less  tlian  in 
systole  giving  an  elliptic  outhne. 

H'hile  Blling,  all  of  its  dimensions  in- 
crtftse,  (liough  the  lateral  diameter 
tncrrasns  somewhat  more  than  the  dor- 
wiventnil.  owing  la  the  bulging  of  the 
flaccid  riglit  vvntricular  wall  on  the 
right  side. 

(fi)  During  Svstoi.e  the  transverse 
diameter  becomes  shorter  and  the  dor- 
.-raventral  longer,  approaching  a  circle  in 
fMitline.  'Hie  three  factors  which  work 
together  to  protluce  tiiis  change  are: 
(I)  The  intraventricular  change  of  [ircs- 
Mire;  (li)  rhe  forcf  t)f  uravilntion ;  liii) 
the  atmospheric  pressure. 

(&)  Observed  In  the  Olosed  Thor&z  of 
a  mammal  by  the  use  of  needles  passed 
thniugli  the  thoracic  wall  into  the  heart 
vail  at  different  angles  and  location. 
For  the  following  facts  we  are  in- 
debted to  Haycraft: 

(a)  DuRiNC  DiArn'oLE  the  heart  haiig.>4 
■»e  in  its  jjcricardium,  suspended  by 

■  connection    wltli    the   great   vessels 
\  enter  or  leave  its  base. 
■iP)  During  SYSTt>l.E  all  of  tlie   di- 
mensions of  tlie  heart  decrease,  but  any  *J.  luogi:  k.  mwi  and  other  eitnmi' 
incmt-ieof  Uteral  over  dorsoventral  di'-  "«•;*.  <i"«»»^  6.  ti.i«tin.;«,i.id. 

....  ,        nej;   7,  lowct  oltruuillieii ;   8,  liTcr, 

18  eompn»ated  during  systole,  iD^hm.) 


i 
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so  that  the  cross-secdon  of  the  heart  at  the  end  of  systole  | 
nearly  a  circular  outline.  The  anieropoffterior  dimeruiona,  or  the  dis- 
tance between  base  and  apex,  also  decrease,  but  the  apex  is  not  in 
consequence  drawn  away  from  the  chest  wall.  The  reason  for  this 
will  be  discussed  under  the  next  topic. 

b.  Changes  of  Position  of  the  Heart  Incident  to  its  AetiTity. 

1.  Mechanicil  Tactors  which  Tend  to  Prodnce  a  Obange  in 
the  Position  of  the  Heart. — ^These  factors  may  be  enumerated  as 
follows:  (a)  The  Asymmetric  Position  which  the  apex  takes  during 
diastole  because  of  the  action  of  gravity.  (^)  The  condition  of 
pressure  equilibrium  and  tension  equilibrium  of  closed  cavities. 
Whenever  the  pressure  increases  within  a  hquid-fiUed  sac,  the  latter 
tends  to  erect  and  stand  io  siu^ 
^o-  >>  a  position  that  the  tendon  on 

each  part  of  the  wall  shall  be 
equal,  (r)  The  Recoil.  When- 
ever a  closed  receptacle  ejects 
its  contents  through  action  of 
a  force  mechanically  within  it- 
self, the  structure  undergoes  a 
recoil  in  obedience  to  Newton's 
law  of  motion  that  "action  and 
reaction  are  equal  and  in  op- 
posite directions."  (i)  The  base 
of  the  heart  is  relativdy  frmJy 
fixed ;  the  vertebral  column 
forming  the  basis  of  fixation,  the 
large  vessels  being  held  well  in 
place  by  strong  connective- 
tissue  attachments.  Besides 
this  thearch  of  the  aorta  passes 
over  the  root  of  the  left  lung, 
while  the  pulmonary  artery 
passes  directly  into  the  root  of 
both  lungs. 

2.    The   Inflnence   of   the 
Enumerated  Factors  nponthe 
Action    of   the  Heart.  —  (a) 
Th«  Sudden  Riie  of  XntnT«ntiie- 
nlar  FresBun  dorliiff  Amienlar 
Systole  would  have  two  tenden- 
cies:  (i)  To  cause  the  apex  to  a-ssiuiie  a  more  symmetric  position 
with  respect  to  the  base — i.e.,  to  give  the  apex  an  impulse  against 
the  chest  wall ;   (ii)  the  light  auricles  would  tend  to  recoil  strongly. 


e  bueof    . 


A  dlicram  shotTing  Ludwig'i  tbeoiy 
tlonoftbe  ventricle  during  aystnlc.  ' 
CtaB  heart,  A  B,  U  rather  tirmly  llied.  In  diuiole 
the  apex  UkM  the  poaltlan,  A  B  Ca^  outlined  in 
Ihe  Hgure.  In  arstole  it  (ends  to  erect  hj  intra- 
ventricular presrore  and  Bland  in  the  position 
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but  this  would  be  largely  counteracted  by  tissues  above  the  auricles, 
as  well  as  by  the  weight  of  the  columns  of  blood  in  the  vena  cava 
anterior  and  the  pulmonary  veins. 

(b)  Th«  Qreat  Bise  in  IntraTontrlcnlw  PrwBon  during  V«atriealar 
^tols  gives  the  apex  a  sudden  and  strong  impulse  toward  the 
point  of  symmetry — i.  e.,  toward  the  thoracic  wall  just  at  the  begin- 
ning of  ventricular  systole.  (See  Fig.  9.3.)  After  the  position  of 
symmetry  has  been  assumed  there  will  be  a  tendency  for  either  a 
sustained  crest  or  for  a  gradual  fall,  the  latter  owing  to  a  decrease 
in'  the  dimenaons  of  the  ventricle  and  not  to  a  falling  from  the  posi- 
tion of  symmetry. 

(e)  Then  will  be  a  Recoil  of  the  Heart  when  the  contents  of 
the  ventricular  cavity  are  ejected  into  the  arteries;  but  the  direction 
of  recoil  is  at  nearly  right  angles  with  the  direction  of  the  movement 
of  the  apex  when  coming  into  the  position  of  symmetry — i.  e.,  the 
direction  of  recoil  is  in  the  line  determined  approximately  by  the 
axis  of  the  left  ventricle. 


Tbe  caidlograph,    (Chtpmao.) 


(d)  Obsemtion  of  the  Heart  in  the  closed  thorax  may  he  made 
with  a  cardiograph.  This  instrument,  shown  in  Fig.  94,  consists 
of  a  pair  of  Marey  tambours.  The  receiving  tambour  is  provided 
with  a  button.  A,  which  is  placed  over  the  site  of  the  apex  beat  of 
the  heart.  Movements  of  the  button  affect  directly  the  membrane 
of  the  receiving  tambour.  Through  the  connecting  tube,  /,  move- 
ments of  the  receiving  tambour  are  transmitted  to  the  recording 
tambour,  b,  whose  membrane  supports  the  recording  lever,  d.  The 
tracing  point  of  this  lever  may  be  brought  into  contact  with  a  kymo- 
graph drum  and  a  permanent  and  exact  record  made  of  the  move- 
ments of  the  thoracic  wall  produced  by  the  apex  Ix-at  of  the  heart. 

From  what  has  been  said  regarding  the  relative  influence  of  the 
erection  and  the  recoil  of  the  ventricle,  it  is  evident  that  the  recoil 
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will  variously  affect  the  cardiogram  according  to  the  position  of 
the  subject  under  observation.  Furthermore,  l£e  force  of  the  recoil 
will  be  broken  by  just  that  factor  which  emphasizes  the  action  of 
heart  in  assuming  a  symmetric  position,  namely,  the  fixing  of  the 
base  of  the  heart.     The  recoil  affects  the  cardiogram  in  different 
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OJB  Second 

Cardiogram  taken  by  Chauyeau  and  Marey:  a,  auricle  wave ;  <,  systolic  rlie; 

r,  recoil  wave ;  v,  yalvular  wave. 


Fig.  96 


!:^ V 


Cardiogram  taken  by  Edgren. 


Cardiogram  taken  by  Sanderson,  with  fost  drum. 


Fig.  98 


Cardiogram  taken  at  the  Physiologic  Laboratory  of  the  Northwestern  University 

Medical  School. 


ways,  if  it  appears  at  all.  If  there  is  only  one  superimposed  wave 
beyond  the  systolic  rise,  that  one  wave  may  be  taken  to  represent 
the*effect  of  the  closure  of  the  semilunar  valves,  unless  it  is  within 
O.ljof  a  second  from  the  beginning  of  the  systolic  wave.  Any  wave 
between  the  systolic  wave  crest  and  the  semilunar  wave  may  be 


CIRCULATION  159 

taken  as  the  recoil  wave.  Especially  strong  is  the  evidence  favoring 
that  interpretation,  provided  the  wave  in  question  falls  between 
0.05  second  and  0.1  second  after  the  beginning  of  the  systolic  wave. 
Should  the  cardiogram  present  other  small  superimposed  crests  they 
may  be  interpreted  as  instrumental — i.  e,,  formed  by  secondary 
vibrations  of  the  membranes  or  of  the  elastic  media  of  transmission. 
(See  Figs.  95,  96,  97,  98.) 

c.  Olianges  of  Pressure  within  the  Heart  Incident  to  its 
Actiyities :  Intrayentricular  Pressure. 

The  strong  contractions  of  the  muscle  tissue  of  the  walls  of  the 
heart  catise  the  cavity  of  the  ventricle  to  be  decreased  in  volume 
during  systole;  while  the  relaxation  permits  the  increase  of  the 
volume  of  the  ventricular  cavity  during  diastole.  This  cavity  is 
constantly  filled  with  blood.  At  the  beginning  of  systole  there 
are  about  180  c.c.  of  blood  in  each  ventricle;  at  the  end  of  systole 
the  ventricles  are  practically  empty.  The  contraction  of  the  ven- 
tricles subjects  the  liquid  contents  to  sufficient  pressure  to  eject 
it  into  the  aorta  and  pulmonary  artery.  Liquids  flow  from  a  point 
of  higher  pressure  to  a  point  of  lower  pressure.  The  pressure  in 
the  arteries  named  must  be  sufficient  to  overcome  all  resistance 
beyond,  otherwise  the  blood  could  not  flow  out  of  them  through  the 
capillaries  and  into  the  veins.  The  pressure  in  the  ventricles,  in  turn, 
must  be  higher  than  the  pressure  in  the  large  arteries,  otherwise  the 
blood  could  not  flow  from  the  ventricles  into  the  arteries.  The 
pressure  necessary  to  force  the  blood  out  of  the  ventricles  is  produced 
by  the  contraction  of  the  ventricular  walls  Upon  the  ventricular 
contents.    The  ventricle  is,  then,  a  Jorce  pump. 

The  ancients,  from  Aristotle  to  and  including  Galen,  believed 
the  heart  to  be  a  suction  pump.  They  thought  tiiat  the  ventricles 
actively  dilated,  drawing  the  blood  in;  then  actively  contracted, 
forcing  it  out.  Harvey  showed  that  the  dilatation  of  the  ventricles 
is  passive,  and  that  only  the  contraction  is  active. 

The  question  of  intraventricular  pressure  has  been  a  much  debated 
one  for  a  long  period. 

Physiologists  have  endeavored  to  determine  not  only  the  range 
of  variation  of  pressure  within  the  ventricles,  but  also  the  variations 
of  pressure  which  occur  between  the  maximum  and  the  minimum; 
in  other  words,  to  determine  the  qualitative  as  well  as  the  quantitative 
changes  of  pressure. 

ITiree  different  devices  have  been  contrived  for  this  purpose. 
Chauveau  and  Marey  used  a  modification  of  the  Marey  tambours. 
Hie  recording  tambour  having  the  usual  construction  but  the  receiv- 
ing tambour  was  a  small,  inflated,  rubber  bulb.  A  double-lumened 
tube,  bearing  qrc  bulb  at  its  end  connected  with  ope  l\imen,  ^nd 
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another  bulb  a  few  centimetres  above  the  end  connected  with  the 
other  lumen,  was  joined  to  two  recording  tambours,  one  communicat- 
ing with  each  bulb.  The  tube  was  introduced,  through  the  jugular 
vein,  into  the  right  side  of  the  heart.  The  bulbs  were  so  located  that 
the  end  bulb  passed  into  the  cavity  of  the  right  ventricle  while  the 
other  one  reached  to  the  auricular  cavity.  A  third  pair  of  tamhours 
was  arranged  to  record  the  movements  of  the  apex  of  the  heart.  In 
this  way  three  synchronous  tracings  were  recorded:  (i)  variations  of 
the  intrarouricular  ■pressure,  (ii)  variations  of  the  intravenlricMiat 
pressure,  and  (iii)  a  cartHogram.    (See  Fig.  99.) 

These  tracings  make  it  evident:  (i)  that  auricular  pressure  reaches 
a  maximum  before  ventricular  pressure  begins;  (u)  tiiat  during  hig^i 
ventricular  pressure  the  auricular  pressure  is  at  a  minimum.  This 
method,  however,  gives  only  qualitative  changes,  and  is  subject  to 
errors  in  its  elastic  transmission. 


Tnlmcudlscprenure  tnclngt  obtained  by  CbBDvtau  and  Uftrer.  The  TcrUccI  lines  abovUit 
■yncbraaoui  patuoT  Uw  Iradngs.  A,  A',  A",  efltet  of  auricular  ij^bile:  B,  B*.  6~,  effect  ol 
Tenlriculai  srUole  ;  C,  (7.  C.  eStet  of  closare  ol 


In  1878  Goltz  and  Gaule  ("Ueber  die  Saugkraft  des  Herzens," 
Archiv.  f.  d.  ges.  Physiol.,  Bd.  xvii.,  S.  100)  used  a  new  technique. 
They  devised  a  mercury  manometer  provided  with  a  reversible  valve. 
Tumed  in  one  direction  the  manometer  records  only  maximum 
pressures;  reversed,  it  records  only  minimum  pressures.  This  ma- 
nometer was  put  into  communication  with  the  ventricular  caWties 
through  an  inelastic  connecting  tul)e  introduced  along  a  bloodvessel 
into  the  cavity  to  be  tested,  'lliis  method  showed  a  maximum  (left) 
intraventricvJar  pressure  of  170  to  234  mm.  of  mercury;  a  minimum 
pressure  of  — 30  mm.  to  — 38  mm.  of  mercury.  In  the  right  ventricle 
the  maximum  wa.s  20  to  72  mm. ;  the  minimum  was  — 8  to  — 25  mm. 
In  every  experiment  the  maximum  pressure  in  the  left  ventricle  was 
18  to  22  mm.  greater  than  the  maximum  aortic  pressure.  Note  that 
the  minimum  pressure  is  less  tlian  atmospheric  pressure.     That 
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seems  to  justify  the  conclusion  that  the  ventricle  exerts  a  suction 

equal  to  ^  to  38  mm.  of  mercury.    In  this  connection  we  must  not 

forget  that  the  heart  is  enclosed  in  a  sealed  cavity  whose  pressure  is 

usually  negative,  though  this  negative  pressure  is  greater  during 

inspiration  than  during  expiration.     If  a  minimum  manometer  be 

introduced  into  the  thorax  the  mercury  will  fall  from  9  to  40  nun. 

according  to  the  character  of  the  respiration,  9  in  quiet  inspiration 

and  30  to  40  in  forced  inspiration.    In  any  particular  observation  the 

manometer  registers  the  lowest  pressure  reached  in  any  inspiration 

made  by  the  animal  during  the  observation.    If  the  manometer  tube 

be  pas^d  on  into  the  ventricle  it  will  register  the  lowest  pressure 

reached  in  any  diastole  during  the  experiment. 

If  the  ifUraverUricular  is  no  lower  than  the  intrathoracic  pressure 
there  could  be  no  suction  of  the  blood  from  the  thoracic  vessels  or 
auricles  into  the  heart.  The  figures  given  above  for  intraventricular 
pressure  and  intrathoracic  pressure  indicate  that  there  may  or  may 
not  be  a  slight  suction  upon  the  thoracic  blood.  In  quiet  breathing 
one  would  expect  the  negative  pressure  of  the  ventricle  to  exceed 
that  of  the  thorax  by  about  20  mm.  of  mercury. 

In  1894  Gaule  said,  regarding  his  results:  "At  the  beginning 
of  diastole  any  occurrence  of  negative  intraventricular  pressure  is 
to  be  attributed  to  the  sudden  widening  of  the  base  of  the  aorta  on 
the  closure  of  the  semilunar  valves,  thus  suddenly  opening  the  upper 
end  of  the  ventricular  cavity." 

Fio.  100 


Canre  fh>m  left  yenlricle:  z  y,  zero  line,  or  atmoepberic  pressare;  A,  part  of  curve  due  to 
Intra-aaricalar  premire  ;  a,  aoiiculoventrlcular  valves  closed;  o,  semilunar  valves  open;  C,  semi- 
lunar valves  closed ;  CA,  period  of  ventricular  diastole.    (Rolleston.) 

A  third  method  of  recording  the  variations  of  intraventricular 
pressure  has  been  elaborated  by  Rolleston.  His  instrument  consists 
of  a  delicate  brass  cylinder  with  hard  rubber  piston.  The  piston 
receives  the  pressure  of  the  atmosphere  upon  one  side  and  that  of 
the  blood  upon  the  other — the  blood-pressure  being  transmitted  to 
the  cylinder  through  a  long  trocar  introduced  into  the  ventricular 
cavity.  The  piston  in  turn  moves  a  writing  lever  whose  rise  and 
fall  is  controlled  by  the  resistance  to  torsion  of  a  steel  ribbon.  1'his 
apparatus  has  the  great  advantage  of  showing  not  only  qualitative 
but  quantitative  changes  of  pressure,  for  the  value  of  the  steel  spring 

11 
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may  be  determined  in  advance.     "Rolleston's  conclusions  are  as 
follows:    (i)  There  is  no  distinct  and  separate  auricular  contraction 
marked  in  the  curves  obtained  from  either  right  or  left  ventricles, 
the  auricular  and  ventricular  increase  of  pressure  being  merged  into 
one  continuous  rise,     (ii)  The  auriculoventricular  valves  are  closed 
before  any  rise  of  pressure  within  the  ventricle  above  that  which 
results  from  the  auricular  systole,     (iii)  The  semilunar  valves  open 
at  the  point  situated  about  the  junction  of  the  middle  and  upper 
thirds  of  the  ascending  limb  of  the  curve  (o)  and  the  closure  about 
the  beginning  of  the  descending  limb  (c).    (rv)  Regarding  the  mini- 
mum  pressure  Rolleston's  conclusion  is:    "The  minimum  pressure  in 
the  ventricle  may  fall  below  that  of  the  atmosphere,  but  the  amount 
varies  considerably."     (See  Fig.  100.) 


SUMMART. 

(a)  The  Work  of  the  Auricle  is  accomplished  in  its  systole,  which 
drives  into  the  ventricle  the  blood  which  it  has  received  from  the 
veins.  The  thin-walled  auricle,  in  common  with  the  thin-walled 
veins,  expands,  under  the  negative  intrathoracic  pressure,  to  receive 
the  venous  blood  which  rushes  into  the  thorax  during  inspiration. 
The  structure  of  the  auricles  is  such  that  the  pressure  within  them 
can  never  fall  below  that  of  the  thorax  in  general. 

(6)  The  Work  of  the  Ventricle  is  accomplished  in  its  systole,  which 
drives  into  the  arteries  the  blood  which  it  has  received  from  the 
auricle. 

(c)  The  Walls  of  the  Ventricle  will  be  passively  dilated  by  the 
negative  intrathoracic  pressure,  but  the  negative  pressure  within  the 
ventricle  could,  by  this  cause,  never  exceed  the  negative  pressure  of 
the  thorax.  But  the  negative  pressure  of  the  ventricle  frequently 
does  exceed  the  negative  pressure  of  the  cavity  which  contains  it. 
There  are  two  ways  to  account  for  this: 

(«)  The  natural  position  of  absolute  relaxation  does  not  completely 
close  the  ventricular  cavity.  The  active  contraction  of  systole  carries 
the  walls  beyond  this  position  of  absolute  relaxation  in  order  to 
completely  empty  the  ventricle.  At  the  end  of  systole  the  walls 
spring  back  by  their  natural  elasticity  to  the  position  of  absolute 
relaxation,  thus  exerting  a  momentary  negative  pressure  beyond 
that  of  the  surrounding  thorax. 

0?)  The  sudden  expansion  of  the  upper  part  of  the  ventricle  by 
the  widening  aorta,  as  suggested  by  Gaule,  has  been  mentioned 
above.  But  in  these  changes  the  muscular  tissue  of  the  ventricle 
is  absolutely  passive. 
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d.  The  Cardiac  Cycle. 


ITie  term  cardiac  cycle  has  been  applied  to  the  ever-recuning 
series  of  events  which  are  repeated  about  once  every  second  in 
the  human  heart.  Briefly  rehearsed,  these  events  are:  (i)  Tkt 
auriculaT  systole,  which  empties  the  auricle  and  fills  the  ventricle, 
and  which  ends  with  the  closure  of  the  auriculoventricular  valves, 
(it)  The  verUricular  systole,  which  empties  the  ventricle  into  the 
artery  through  the  forced  semilunar  valves.  During  the  ventricular 
systole  the  auricle  is  filling,  (iii)  lUst,  which  includes  all  of  the 
ventricular  diastole  and  a  little  more  than  half  of  the  auricular 
diastole.  During  the  rest  period  blood  is  flowing  freely  into  the 
auricle  and  through  the  auriculoventricular  valve  into  the  ventricle. 


Time  relatlOQBor  heart  cycle;  1,  0.1  Maandor  time;  a,;,  auricular  irstole,  OJ  sec  ;  tj.,-na' 
Irlcular  sfitole,  O.S  lec. ;  V.D.,  veDtrlculai  dlailole.  0.5  wo. ;  A.D.,  aorienlar  dlaxole.  D.T  nc 
Total  caidlac  cycle,  O.S  kc. 

The  dme  of  the  average  heart  cycle  in  the  human  male  adult 
is  0.8  second,  which  is  distributed  as  follows: 

The  ventrit^ular  systole  consumes  0.3  second;  diastole,  0.5  second. 
The  auricular  systole  consumes  O.l  second  and  the  diastole  0.7 
second.  Heart  systole,  0.4  second;  heart:  diastole,  0.4  second.  (See 
Fig.  101.) 

e.  The  Work  Done  by  Uie  Heart. 

1.  Data. — (i)  Maximum  pressure  in  left  ventricle  varies  between 
140  to  200  mm.  Hg.  (ii)  The  maximum  pressure  in  right  ventricle 
is  about  60  mm.  Hg,  (in)  The  amount  of  blood  ejected  against 
the  above  pressure  varies,  for  the  left  (or  right)  ventricle  from  120 
to  180  c.c. 

2.  To  Derive  a  Special  Foimula  for  Work  of  Heart. 

Formula :  Let  W  =  work  done. 

"    A  =  height  ill  (•eiitimi^trea. 

"     3  =  wRipht  in  gramii. 

"    m  =  ccntimelrcM  of  Hfi  prcs.-'iire. 

"    b  =  number  of  c.c.  of  blood  ejected  at  one  systole. 
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A  general  formula  for  work  done  when  the  work  is  to  be  expressed 
in  Gm.-cm.  is:  W  =  g  X  h.  To  determine  W,  we  have  first  to  find 
the  value  of  g  and  h.    A  pressure  of  m  centimetres  of  mercury  would 

be  equal  to  a  pressure  of  13.6  m  centimetres  of  water  and  ^t-tt^v-  cm. 

of  blood.  The  work  done  in  ejecting  from  the  heart  g  grams  of 
blood  against  m  centimetres  of  mercury  pressure  would  be  the  same 
as  the  work  done  in  raising  g  grams  of   blood   to  the   height  of 

,  ^^-  cm.  What  is  the  weight  of  b  cubic  centimetres  of  blood? 
1.055  ^ 

Naturally  the  volume  times  the  specific  gravity;  or  g  =  b  X  1.055. 

The  formula  would  therefore  be: 

^  ^  6X1:055  ^13^X!?  or  IT  =  13.6  6m. 
1  l.Uoo 

3.  Problems. — (a)  How  Much  Work  does  the  left  ventricle  perform 
in  each  systole  if  120  c.c.  of  blood  is  ejected  against  15  cm.  of  mercury 
pressure?     W  =  13.6  X  120  X  15  =  24,480  gram-centimetres. 

(6)  How  Much  Work  does  the  heart  perform  at  each  systole  if  the 
right  ventricle  expels  the  same  quantity  of  blood  against  two-fifths  as 
great  pressure?  W  =  13.6  X  120  X  14  X  i  =  34,272  Gm.-cm. 
That  is,  both  ventricles  will  do  ^  of  the  work  done  by  left  ventricle 
alone. 

(c)  How  Much  Work  will  the  heart  do  in  twenty-four  hours  if  it 
ejects  150  c.c.  of  blood  into  the  arteries  against  150  mm.  of  Hg 
pressure  at  the  rate  of  sixty  beats  per  minute.  W  =  13.6  X  15  X 
150x60X60X24Xi  =  3,701,376,000  Gm.-cm. 

(d)  How  Many  Metres  would  that  amount  of  work  lift  the  body  of 
a  man  of  60  Ko.  weight? 

13.6  X  15  X  150  X  60  X  60  X  24  ^  7  _f..f,Q^.^^ 
^= 1000  X  100  X  60 ><  5  -  ^^^-^  "'^^'^'• 

It  would  take  about  three  hours  of  hard  climbing  for  a  man  to  lift 
his  body  through  616.9  metres;  so  that  the  heart  can  do  about  one- 
half  as  much  work  as  all  of  those  skeletal  muscles  involved  in  loco- 
motion or,  in  fact,  in  manual  labor. 

Vj[.  The  Sounds  of  the  Heart^ 

1.  Character. — ^There  is  a  succession  of  two  sounds  separated 
by  a  pulse — ^lub-dflp — ^liib-dttp,  etc.  The  first  sound  (liib)  is  longer 
in  duration  and  lower  in  pitch  than  the  second. 

2.  Cause  of  the  Heart  Sounds,  (a)  The  First  Sound.— It  is 
synchronous  with  ventricular  systole;  it  is,  therefore,  universally 
associated  with  the  events  which  are  taking  place  in  the  heart  at 
the  time:    (i)  vigorous  muscular  contractions;  (ii)  friction  of  blood 
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rushing  through  the  semilunar  valves;  (iii)  friction  of  surface  of 
heart  incident  to  its  change  of  shape  within  the  pericardium;  (iv) 
friction  of  heart  against  neighboring  structures  in  the  thorax  incident 
to  its  change  of  position  in  the  thorax.  As  any  one  of  these  four 
factors  may  be  variously  modified  by  various  diseases,  it  is  evident 
that  a  close  study  of  the  normal  heart  sounds  is  of  great  importance. 

(6)  The  Second  Sound  of  the  heart  is  synchronous  with  the 
closure  of  the  semilunar  valves  of  the  aorta  and  pulmonary  artery, 
and  as  the  quality  of  the  sound  is  such  as  might  readily  be  attribute 
to  the  closure  oT  those  valves,  it  is  generally  interpreted  in  that  way. 
The  fact  that  a  lesion  of  these  valves  makes  a  marked  change  in  the 
quality  of  the  second  sound  would  seem  to  demonstrate  conclusively 
tiiat  the  closure  of  the  semilunar  valves  is  at  least  the  most  important 
factor  in  the  second  sound. 

The  most  advantageous  position  for  hearing  the  first  sound  is  at 
the  apex,  while  the  second  sound  is  most  easily  heard  over  the  base 
of  the  heart. 

2.  THE  CIRCULATION  OF  THE  BLOOD. 

The  problems  of  this  field  of  physiology  are  physical  problems, 
of  the  flow  of  liquids  through  tubes.  As  far  as  arterial  circulation 
is  concerned  the  phenomena  are  those  of  the  flow  of  liquids  through 
elastic  tubes  under  the  influence  of  an  intermittent  initial  force.  For 
the  physical  presentation  of  these  problems  see  the  physical  intro- 
duction to  this  chapter. 

a.  The  Circulation  in  the  Arteries. 

1.  Cause.^Therc  is  one,  and  only  one,  cause  for  the  flow  of 
blood  in  the  arteries,  namely,  ventricular  systole.  The  high  intra- 
ventricular pressure  induced  by  the  systolic  contraction  is  trans- 
mitted to  the  large  arterial  trunks.  The  blood  flows  from  the  left 
ventricle  to  the  aorta  because  the  pressure  is  higher  in  the  ventricle 
than  in  the  aorta;  it  flows  from  the  aorta  into  its  branches  because 
the  pressure  is  higher  in  the  aorta  than  in  its  branches,  and  so  on, 
the  energy  of  ventricular  systole  being  gradually  expended  in  over- 
coming resistance,  so  that  the  lateral  pressure  gradually  decreases 
from  tide  ventricle  to  the  capillaries. 

The  initial  energy  is,  however,  not  all  expended  in  forcing  the 
blood  to  and  through  the  capillaries,  so  that  there  is  still  a  small 
residuum  of  heart  energy  left  when  the  blood  enters  the  veins  to 
assist  other  factors  in  returning  the  blood  to  the  heart. 

2.  Blood  Pressure,  (a)  Methods  of  Determining. — ^The  blood- 
pri\ssuro  is  usually  deterniined  by  the  use  either  of  a  mercurial 
manometer  or  of  a  spring  manometer.     The  mercurial  manometer 
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was  first  used  and  modified  for  this  purpose  by  Ludwig.  His  complete 
apparatus  for  measuring  and  recording  the  quantity  and  variations 
of  blood  pressure  consists  of  the  mercurial  manometer  whose  prox- 
imal limb  is  connected  to  the  artery  through  a  lead  or  rubber  tube 
and  cannula  filled  with  a  solution  which  will  retard  the  coagulation 
of  the  blood.  The  distal  limb  is  fitted  with  an  ivory  float  which 
bears  a  tracing  point.  The  complete  manometer  as  described  is 
fixed  to  a  recording  apparatus  which  consists  of  a  rotating  cylinder 
propelled  by  clockwork.  Originally  the  whole  apparatus  was  called 
a  kymographion  (wave  writer);  later  the  term  kymographion,  short- 
en^ to  kymograph,  has  been  applied  to  the  recording  drum,  which 
is  now  extensively  used  in  experimental  physiology. 

A  very  valuable  modification  of  the  Ludwig  apparatus  has  been 
suggested :  A  small  tambour  is  joined  to  the  distal  end  of  the  manom- 
eter by  a  piece  of  pressure  tubing  and  supplied  with  a  very  delicate 
tracing  lever  which  magnifies  the  movements  of  the  membrane  ten 
to  twenty  times,  as  desired,  the  levers  being  variable  in  the  con- 
struction of  the  instrument.  The  surface  of  the  tambour  should  not 
be  larger  than  15  mm.  in  diameter.  With  this  ratio  between  the 
tambour  surface  and  the  mercury  surface,  and  the  levers  multiplying 
ten  to  twenty  times,  a  most  beautiful  arterial  tracing  can  be  obtained, 
showing  not  only  the  respiratory  and  percussion  waves,  but  also  the 
dicrotic  wave  clearly  superimposed  on  each  cardiac  wave. 

The  spring  manometer  of  Fick  utilizes  the  principle  that  pressure 
of  liquid  within  a  tube  tends  to  straighten  the  tube.  A  thin  C-shaped 
steel  tube  is  brought  into  connection  with  an  artery.  The  pressure 
of  the  blood  transmitted  through  the  connections  to  the  liquid  within 
the  C-tube  will  straighten  it  slightly.  The  proximal  end  of  the  tube 
being  fixed,  the  distal  end  moves  back  and  forth  with  each  vibration 
of  pressure. 

The  mercury  manometer  gives  a  very  exact  measure  of  the  amount 
of  the  pressure  within  the  artery,  but  the  inertia  of  the  float  is  too 
great  to  permit  it  to  follow  faithfully  the  minor  variations  of  pressure. 
It  shows  the  Traube-Hering  curve,  the  respiratory  wave,  and  the 
systolic  wave,  but  it  does  not  show  the  dicrotic  wave.  The 
manometer  tambour,  however,  traces  the  dicrotic  wave,  but  fails  to 
show  the  Traube-Hering  wave.  The  spring  manometer  also  shows 
the  dicrotic  wave,  but  not  the  Traul)e-Hering  wave. 

(6)  Halation  of  Arterial  Pressnre  to  Intrayentricular  Pressure. — As 
stated  above,  the  arterial  pressure  is  the  transmitted,  intraventricular 
pressure.  The  accompanjring  figure  (Fig.  102)  shows  that  pressure 
within  the  aorta  does  not  rise  until  the  opening  of  the  semilunar 
valves;  that  the  crest  of  the  systolic  wave  of  aortic  pressure  coincides 
near  the  heart,  with  the  crest  of  the  intraventricular  (systolic)  wave; 
that  there  is  no  "plateau"  of  pressure  in  the  artery;  that  the  closure 
of  the  semilunar  valves  marks  the  beginning  of  the  fall  in  the  ventric- 
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ular  wave  and  a  superimposed  (dicrotic)  arterial  wave;  and  that 
arterial  pressure  continues  to  fall  until  the  semilunar  valves  open 
again. 

(c)  VariationB  of  Arterial  Pressure. — (a)  Cycuc  Variations  may  be 
considered  as:    (i)  Cycle  of  variation  due  to  heart  contraction.    (See 


Fig.  102 


C-urre  ctf  intra-ventrtcular  preBanre 


Curve  qf  Intra^aortie  premure 


Showing  the  relation  of  arterial  pressure  to  intraventricular  prenure.  Time  relationi :  a,  be- 
ginning of  auricular  systole ;  b,  opening  of  semilunar  systole ;  e,  maximum  of  systolic  prenure : 
d,  closure  of  semilunar  valves. 

Fig.  103,  waves  ///  and  IV.)  llie  rounded  systolic  wave,  as  shown 
by  a  mercurial  manometer,  or  the  systolic  with  its  superimposed 
dicrotic  wave,  belongs  to  this  class,  (ii)  Cycle  of  variations  due  to 
the   rhythmic  action  of   the  respiratory  musculature.      (Wave  //.) 

Fio.  103 

Systolic  n'avf  III. 


A  typical  tracing  of  arterial  blood  pressure. 


PreMMrs 


Respiratory  wave  //  is  the  result  of  the  influence  of  the  respiratory 
musculature.  How  is  this  result  brought  about?  Note:  1st,  that 
the  pressure  rises  during  inspiration ;  2d ,  that  it  falls  during  expiration ; 
3d,  that  the  maximum  pressure  occurs  after  the  end  of  the  inspiratory 
movement;  and  4th,  that  the  minimum  pressure  occurs  after  the 
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end  of  expiration.     The  pressure  rises  during  inspiration  because 

there  is  greater  negative  pressure  in  the  thorax,  drawing  more  venous 

blood  to  the  right  auricle  and  leading  either  to  a  greater  quantity 

o{  blood  being  ejected  from  the  heart  at  each  systole,  or  to  an  increase 

of  the  rate  of  the  heart  beats.    The  pressure  falls  during  expiration 

for  reasons  the  converse  of  those  just  stated.    The  maximum  pressure 

occurs  after  the  end  of  inspiration  and  the  minimum  pressure  after 

the  end  of  expiration,  because  there  is  a  lapse  of  about  one  second 

before  the  change  wrought  by  respiratory  movements  can  have  its 

effeot  on  the  quantity  of  blood  ejected  from  the  left  ventricle. 

C/3^)  Periodic  variation,  due  to  changes  in  arterial  tonus  or  to  the 
degree  of  constriction  under  the  influence  of  the  vasomotor  nerves. 
(Se^  Pig.  103,  wave  /.)  These  long  waves  are  called  Traube-Hering 
^*i*"ves  because  first  discovered  and  described  by  the  men  whose 
'^^xoes  they  bear. 

C^  Laws  of  Arterial  Blood  Pressiire. — (a)  A  General  Formula 
^'l^ich  summarizes  the  laws  of  arterial  blood  pressure  may  be 
^^^ressed  mathematically:  P  =  Hr  X  Hs  X  A,  when  P  equals 
pressure;  Hr^  heart  rate;  Jf*,  heart  strength;  and  jB,  peripheral 
^sistance.    This  formula  may  be  verbally  expressed  as  follows: 

05)  Laws  op  Arterial  Blood  Pressure:  (i)  The  pressure  wUl 

'^^Ty  with  the  rate  of  the  hearty  when  the  strength  of  the  systole  and  the 

Peripheral  resistance  remain  unchanged,    (ii)  The  pressure  will  vary 

'^A  the  strength  of  heart  systole,  when  the  rate  and  resistance  remain 

^changed,     (iii)  The  pressure  will  vary  with  the  peripheral  resist- 

^ince,  when  the  rate  and  strength  of  heart  systole  remain  unchanged. 

(iv)  The  pressure  may  remain  unchanged  if  one  or  two  of  the  factors 

increase  while  the  remaining  factor  (or  factors)  decreases  in  value, 

(v)  //  all  the  factors  increase  at  the  same  time  a  very  great  increase  in 

pressure  m/iy  resvU.    (vi)  //  all  the  factors  decrease  at  the  same  time 

the  pressure  will  fall  proportionately,     (vii)    The  factors  of  bhod 

pressure  are  under  the  control  of  the  nervous  system. 

3.  The  Velocity  of  the  Flow,  (a)  Methods  of  Determining. — One 
of  the  earliest  methods — that  of  Volkmann  (1850) — consisted  of  a 
U-tube  25  cm.  in  length.  The  lumen  of  the  tube  is  made  continuous 
with  the  lumen  of  the  artery  by  severing  the  latter  and  placing  the 
proximal  end  over  an  entrance  cannula  and  the  distal  end  over  an 
exit  cannula.  Two  3-way  stopcocks  control  the  entrance  and  exit. 
In  the  adjustment  shown  in  the  left-hand  figure  the  blood  passes 
directly  through  the  instrument.  When  the  cocks  are  turned  as 
indicated  in  the  right-hand  figure  the  blood  passes  along  the  U-tube. 
In  making  an  observation  the  tube  was  filled  with  water,  which  was 
driven  into  the  artery  when  the  tube  filled.  The  time  required  for 
the  stream  to  advance  25  cm.  was  taken  to  equal  the  velocity  of  flow 
in  the  artery  of  the  same  lumen.  The  results  were  far  short  of  the 
actual  velocity  because  of  the  resistance  of  the  apparatus,  and  the 
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contraction  of  the  distal  end  artery  due  to  the  action  of  the  water 
upon  it. 

Lvdwig'a  stromukr  is  a  modification  of  the  principle  used  bj 
Volkmann.  The  U-tube  is  replaced  by  a  double  chamber  (Fig.  104) 
whose  volume  is  known.  Instead  of  stopcocks,  the  chambers  opening 
through  plate  D  communicate  with  the  cannulee  which  open  through 
plate  I.  After  one  of  the  chambers  is  filled  the  plate  D  is  quickly 
rotated  through  180°,  with  the  fud  of  the  milled 
"°'^°*  head  above  H.    This  reverses  the  direction  of 

the  stream  through  the  chambers.  The  proximal 
chamber  (C)  is  filled  with  oil,  the  distal  chamber 
(B)  with  normal  saline  solution,  through  the  tube 
H,  which  is  thereupon  clamped.  The  proximal 
cannula  (F)  is  inserted  into  the  proximal  end  ol 
the  cut  artery.  The  plate  D  is  turned  just  enou^ 
to  shut  off  the  continuity  of  the  lumen.  To  make 
an  observation,  turn  the  plate  D  throu^  1S0°, 
taking  the  time  to  fifths  of  a  second;  the  blood 
rushes  through  the  proximal  cannula  up  into 
chamber  C;  the  oil  floats  upon  the  blood  without 
mixing  with  it,  and  flows  into  chamber  B,  pushing 
the  warmed  saline  solution  into  the  distal  portion 
of  the  artery.  When  the  blood  has  reached  the 
point  at  which  the  oil  stood  in  the  first  adjust- 
ment the  instrument  is  reversed,  time  noted,  and 
the  chamber  B  (now  the  oil-filled,  proximal  cham- 
ber) receives  the  blood  from  the  proximal  cannula 
{F),  while  the  blood  in  chamber  C  is  passed  on 
into  the  artery. 

With  this  instniment  one  determines  in  advance 
the  radius  (r)  of  the  cannula,  which  is  chosen  for  an  artery  of  approxi- 
mately equal  radius ;  the  qmrntUy  (^ )which  the  chamber  contains.  Dur- 
ing the  experiment  one  oKser^es  the  time  (I)  in  seconds  required  to  fill 
the  chamber;  ?t,  number  of  times.    The  following  formula  may  be  used: 

Velociiy  (v)  equals  a  constant  factor  (^- -,)  multiplied  by  the  number 

of  times  the  chamber  filled  (n)  and  divided  by  the  time  (t)  required 

to  fill  it  n  times,  or  u  =  ~. 

Chauvcau's  dromograph  consists  of  a  bra,ss  tube  to  be  inserted 
into  the  lumi-ii  of  a  severed  artery-  The  blood  flowing  through  the 
tube  pressed  against  the  lower  end  of  a  needle  pivoted  in  the  wall 
of  the  tuljc,  deflecting  it  from  its  zero  position  by  overcoming  a 
resistance.  The  distal  en<l  of  the  needle  indicated  upon  a  dial  the 
relative  velocity  of  the  stream  within  the  tulx-. 
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(6)  Velodty  as  Determined  by  the  Ludwig  stromuhr  in  the  carotid 
artery  of  a  dog  varied  between  34.9  cm.  and  73.3  cm.  per  second 
during  a  total  observation  period  of  80  seconds,  in  which  time  five 
readings  were  taken.  The  average  for  the  five  observations  was 
49  cm.  per  second  through  a  carotid  whose  lumen  was  2.7  mm. 
Similar  observations  on  a  rabbit  jrielded  a  velocity  of  15.8  cm.  per 
second  through  a  carotid  with  a  1.4  mm.  lumen. 

The  Chauveau  dromograph  reveals  a  difference  of  velocity  during 
the  different  phases  of  the  pulse  wave:  In  the  carotid  artery  of  a 
horse  the  velocity  reached  52  cm.  per  second  during  systole,  dropped 
to  22  cm.  per  second  at  the  time  of  the  dicrotic  wave,  and  to  15  cm. 
per  second  during  diastole. 

(c)  Variation  of  Velocity,  (a)  Dependent  upon  Cross-sectional 
Area. — ^The  discharge  of  any  stream  through  a  channel  or  system  of 
channels  equals  the  mean  velocity  multiplied  by  the  cross-sectional 
area  at  the  point  of  observation  (D  =  v  X  a).  Therefore,  the  velocity 

equals  the  discharge  divided  by  the  sectional  areaf  i;  =  —  V    If  the 

discharge  remains  constant  the  velocity  will  vary  inversely  as  the 

sectional  area  ft?*  —  V    The  total  sectional  area  of  the  primary 

branches  from  the  aorta  is  several  times  as  great  as  the  area  of  the 
aorta  between  the  heart  and  the  arch ;  the  mean  velocity  in  these 
primary  branches  is,  therefore,  as  many  times  smaller  than  the  initial 
velocity,  as  their  combined  area  is  greater  than  that  of  the  base  of 
the  aorta. 

Volkmann  determined  the  average  velocity  of  the  capillaries  to  be 
approximately  3-J^  as  great  as  the  velocity  in  the  aorta.  We  may 
reason  backward  and  conclude  that  the  combined  sectional  area  of 
all  the  capillaries  equals  approximately  500  times  the  sectional  area 
of  the  aorta  at  the  base.  The  vasomotor  muscle-nerve  system  may 
induce  variation  of  terminal  sectional  area,  and  therefore  influence 
velocity  in  the  periphery.  As  the  blood  returns  toward  the  heart  the 
total  sectional  area  of  the  veins  at  different  distances  from  the  heart 
becomes  progressively  smaller  and  smaller,  thus  causing  the  current 
to  flow  faster  and  faster  until  it  reaches  the  heart.  The  combined 
area  of  the  two  venae  cavce  being  about  twice  that  of  the  aorta,  the 
blood  enters  the  right  auricle  with  a  velocity  about  one-half  that  of 
the  flow  in  the  aorta. 

(^)  Velocity  Dependent  upon  Factors  of  Blood  Pressure. — 
The  factors  of  blood  pressure  are  rate  and  strength  of  heart  action, 
and  peripheral  resistance  (P  =  Hr  X  Hs  X  R).  If  the  general 
peripheral  resistance  be  much  increased  while  the  heart  action  re- 
mains unchanged  the  pressure  will  be  much  increased,  but  the  velocity 
will  be  decreased  because  of  the  difficulty  of  exit  from  the  arteries 
through  the  arterioles  and  capillaries. 
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The  relation  between  the  velocity  and  the  heart  action  is  direct; 
while  that  between  velocity  and  peripheral  resistance  is  reciprocal 


0- 


Hr  X  Hs 


R 


) 


(f)  Laws  of  Variation  of  Velocity. — (i)  The  greater  the  cross- 
sectioned  area  the  less  the  velocity,  and  conversely,  (ii)  The  greater  the 
adivity  of  the  heart  as  to  rate  or  strength  or  both,  the  greater  the  velocity. 
(ill)  The  greater  the  peripheral  resistance  the  lees  the  velocity. 

4.  The  Circulation  Time,  (a)  Method  of  Determination. — ^Eariy 
methods  (Bering,  1829;  Blake,  1841;  Vierordt,  1858)  consisted  in 
injecting  a  solution  of  a  salt  (e.  g.,  ferrocyanide  of  sodimn)  into  one 
jugular  vein,  and  testing  the  contents  of  the  opposite  jugular  from 
second  to  second  to  determine  the  time  required  to  make  the  circuit 

A  very  ingenious  and  accurate  method  devised  by  Stewart  (Jour. 
Physiol.,  Cambridge,  1894,  vol.  xv.  p.  1)  is  described  as  follows: 
''The  carotid  artery  is  exposed  and  placed  upon  a  sheet  of  insulating 
material;  non-polarizable  electrodes  are  then  applied  to  the  artery, 
and  the  portion  of  the  artery  between  these  is  inserted  as  a  resistance 
in  one  arm  of  a  Wheatstone  bridge.  After  the  resbtances  in  the 
bridge  have  been  balanced,  and  the  galvanometer  brought  to  rest,  a 
small  quantity  of  a  solution  of  common  salt  is  injected  into  the 
opposite  jugular  vein.  So  soon  as  the  salt  reaches  the  carotid  artery 
the  resistance  of  the  blood  is  altered,  the  balance  of  the  Wheatstone 
bridge  is  upset,  and  the  galvanometer  swings. 

"The  period  between  the  moment  of  injection  and  the  commence- 
ment of  swing  can  be  noted  with  a  stop-watch  with  great  precision." 

(b)  The  Results  obtained  by  the  appUcation  of  the  above  methods 
may  be  tabulated :  It  is  understood  that  the  time  is  from  the  jugular 
vein  of  one  side  to  the  jugular  vein  of  the  opposite  side. 


Animal. 

Seconds. 

Animal. 

Seconds. 

Squirrel      .... 

4.39 

Dog. 

.... 

16.32 

Cat 

6.69 

Horse 

.                 .        • 

31.  5 

llabbit  (Vierordt)       . 

7.79 

Cock 

•                 *        . 

6.17 

Rabbit  (Stewart) 

6.00+ 

1 

Duck 

i 

.... 

10.64 

The  results  given  above  are  those  for  the  first  blood  which  makes 
the  entire  circuit.  It  is  estimated  that  it  requires  about  five  times 
as  long  for  the  whole  volume  of  blood  to  pass  through  the  left  ventricle 
as  it  takes  for  the  first  portion  to  make  the  circuit. 

5.  The  Pulse. — ^Though  this  topic  should  logically  come  under 
consideration    with    Variaiions  of    Blood  Pressure,  its  importance 
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clinically  and  the  fact  that  a  number  of  extra  factors  are  involved 
in  it  justify  a  separate  discussion. 

The  determination  of  blood  pressure  with  the  I^udwig  or  Fick 
instrument  is  immediate  or  direct,  while  the  determination  of  the 
pressure  by  an  examination  of  a  superficially  located  artery  is  mediate 
or  indirect.  In  the  first  case  the  character  of  the  arterial  walls  or 
of  the  tissues  overljring  the  artery  cuts  no  figure,  while  in  the  exami- 
nation of  the  pulse  these  are  important  factors.  Until  comparatively 
recently  no  other  means  for  the  examination  of  the  pulse  has  been 
used  than  palpation  with  the  finger-tips;  even  now  this  method  is 
most  important,  and  the  tactiu  erudiius  reveals  to  the  physician  all 
the  important  variations  of  the  pulse. 

(a)  Iiurtniments  for  Becording  the  PulsatioiiB  of  an  artery  are  called 
Sphygmographs.  There  are  several  forms.  The  one  in  most  com- 
mon use  by  clinicians  is  the  Dudgeon  sphygmograph.  An  essential 
feature  of  this  instrument  is  a  system  of  compound  levers  which 
transmits  the  movement  of  the  arterial  wall  from  the  foot  or  pad 
which  rests  upon  the  skin  over  the  artery  to  a  tracing  point  connected 
with  the  last  lever.  This  system  of  levers  multiplies  the  motion  of 
the  foot  about  fifty  times.  A  second  feature  of  the  instrument  is  a 
recording  apparatus  consisting  of  a  clockwork  which  turns  a  pair 
of  small  cylinders  between  which  runs  a  slip  of  blackened  paper. 
The  tracing  point  rests  upon  this  paper  and  records  there  the 
magnified  movements  of  the  foot  or  pad. 

Another  form  of  sphygmograph  particularly  valuable  to  the 
physiologist  is  the  one  devised  by  Professor  Porter,  of  Harvard.  The 
apparatus  consists  of  two  tambours,  the  recording  tambour  having 
a  very  small  volume,  a  very  thin  membrane,  and  a  long,  light  lever; 
while  the  receiving  tambour  is  larger  and  modified  according  to  the 
artery  which  is  to  be  observed.  The  record  is  traced  upon  a  kymo- 
graph. 

The  Sphygmograph  has  the  great  advantage  that  it  makes  a 
record  of  the  variation  of  pressure,  and  when  properly  used  may 
reveal  many  facts  about  the  general  condition  of  the  circulatory 
system.  The  disadvantages  of  this  instrument  are  that  slight  varia- 
tions in  the  location  of  the  artery  in  different  individuals  lead  to 
variations  in  the  tracing;  that  accumulation  of  fat  on  the  wrist  may 
also  "obscure"  the  artery,  and  make  the  use  of  the  sphygmograph 
difficult  or  make  the  results  of  no  value;  and,  finally,  that  faulty 
aiijustments  of  the  instrument  lead  to  widely  varying  results  with 
the  same  pulse.  AVhen  the  sphygmograph  is  used  with  all  its  dis- 
advantages known  and  carefully  weighed,  or  avoided,  it  may  be  a 
most  valuable  adjunct  in  physical  diagnosis,  especially  for  making 
a  permanent  record  of  a  pulse  for  subsequent  reference  or  comparison. 

(6)  The  Pnlse  Tracing  or  Sphygmogram. — ^The  sphygmogram  has 
been  defined  by  Mackenzie  as  ''a  diagrammatic  representation  of 
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the  variations  of  pressure  within  an  artery."  It  will  be  seen  at  once 
by  reference  to  Fig.  105  that  upstroke  A  and  downstroke  S  repiesent 
the  rise  and  fall  in  pressure  due  to  ventricular  systole  and  diastole. 
Obeying  the  general  laws  of  liquids  under  intermittent  pressure,  the 
impulse,  or  pti/^e,  is  transmitted  along  the  arteries  as  a  wave  or 
undulation  of  the  arterial  walls.  The  sudden  upstroke  A  indicates 
the  sudden  influx  of  blood  into  the  aorta  during  systole,  while  the 
gradual  fall  of  the  part  B  indicates  the  gradual  fall  of  arterial  pressure 
during  diastole.  The  small  waves,  1, 2  and  3,  superimposed  upon  JJ, 
are  called  in  order:  (1)  Tided  wave,  or  predicrotic;  (2)  Dicrotic^  (3) 
Postdicroiic.  The  apex  (^4)  is  called  the  Percussion  wave  or  Systolic 
wave.  The  dicrotic  wave  is  due  to  the  closure  of  the  semilunar  valves. 
The  predicrotic  and  postdicrotic  waves  are  due  to  the  elastic  tension 
of  the  arteries.  Once  set  in  motion  the  wall  tends  to  continue  to 
vibrate  under  the  influence  of  a  series  of  secondary  waves. 

It  is  maintained  by  some  investigators  that  some  of  the  secondary 
waves,  particularly  the  predicrotic,  are  caused  by  reflection  from 
the  periphery.  Be  this  as  it  may,  it  is  universally  accepted  that  the 
two  vmves  of  clinical  importance — viz.,  the  Percussion  wave  and  the 
Dicrotic  wave — are  caused  by  systole  and  closure  of  the  semilunar 
valves  respectively — t.  e.y  they  have  their  origin  at  the  heart. 

Fig.  105 


Sphygmograms  ftom  normal  indiyiduali. 

These  secondary  waves  fall  into  two  classes.  Fig.  105  gives  a 
series  of  sphygmograms  from  normal  individuals  in  widely  varying 
states  of  blood  pressure,  the  highest  pressure  being  shown  in  sphygmo- 
gram  No.  (1).  From  No.  (1)  to  No.  (11)  the  arterial  blood  pressure 
is  progressively  lower,  even  merging  into  the  pathologic  in  Nos.  (10) 
and  (11),  which  were  taken  in  the  fever  stage  of  acute  "cold." 

The  two  classes  of  superimposed  curves  come  out  into  prominence 
in  this  series:  The  Predicrotic  and  Postdicrotic  waves  as  shown  in 
Nos.  (3),  (4),  and  (5),  which  are  typical,  and  average  normal  tracings, 
belong  clearly  to  the  class  shown  on  the  downstroke  B  of  Nos.  (1) 
and  (2),  where  no  dicrotic  wave  may  be  differentiated.  There  may 
be  four,  five,  or  even  six  or  seven  of  these  wavelets  on  a  high-pressure 
sphygraogram.  They  are  called  ''elasticity  waves.**  With  gradually 
decreasing  pressure  the  less  tense  and  very  extensible  arterial  wall 
shows  a  decreasing  tendency  to  transmit  these  waves  until  finally 
they  are  not  discernible.  The  dicrotic  wave,  however,  is  more  and 
more  pronounced  with  gradually  decreasing  pressure.    Note  wavelet 
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2  in  tracings  Nos.  (3)  to  (11).  In  Nos.  (3),  (4),  and  (5),  where  we 
have  both  elasticity  waves  and  the  dicrotic  on  the  tracing,  the  dicrotic 
is  probably  a  resultant  of  two  causes:  (1st)  the  cause  of  the  second 
elastic  wave  and  (2d)  the  closure  of  the  semilunar  valves,  because 
there  would  naturally  be  an  elastic  wave  at  2  any  way,  and,  beginning 
H"ith  tracing  No.  (3),  some  extra  cause  seems  to  be  operating  to 
emphasize  or  increase  wavelet  2.  Finally,  in  tracing  No.  (6),  the 
conditions  necessary  for  the  transmission  of  the  elasticity  waves 
have  disappeared,  while  the  dicrotic  continues  to  increase. 

(c)  Modification  of  the  Sphygmogram.  {a)  Local  Conditions. — ^The 
percussion  wave  and  the  dicrotic  wave  of  the  radial  sphygmogram 
are  greatly  diminished :  (i)  By  occlusion  of  the  veins  of  the  arm ; 
(ii)  by  the  dependent  position  of  the  arm;  (iii)  by  plunging  the  arm 
into  cold  water.  These  primary  waves  are,  conversely,  greatly 
increased:  (i)  by  holding  the  arm  above  the  head;  (ii)  by  plunging 
the  arm  into  hot  water. 

(/?)  General  Conditions. — ^The  dicrotic  wave  is  accentuated  in  its 
relative  height  when  the  arterial  pressure  is  law  because  of:  (i)  dilated 
arterioles f  as  after  a  hot  bath  or  in  the  first  stage  of  asthenic  fever; 
(ii)  diminished  heart  action,  as  after  severe  hemorrhage,  or  following 
a  forced  expiratory  effort.  The  elastic  arteries  of  youth  show  a  well- 
marked  dicrotic  wave. 

(y)  General  Significance  of  the  Dicrotic — It  is  increased  at 
times  of  exhaustion  and  diminished  ai  times  of  vigor  (Schaefer). 

(d)  Variations  of  the  Pulse  Rate  are  found  to  depend  upon  age, 
height,  muscular  activity,  state  of  the  emotions.  Then,  besides  a 
certain  range  of  individual  variation  there  is  a  wide  range  of  paiho^ 
logic  variation. 

(a)  Variation  with  age:  At  birth  the  rate  is  130  to  140.  By 
about  the  eighteenth  year  it  gradually  decreases  to  the  average  for 
adult  life,  which  is  from  60  to  75  or  not  far  from  70  per  minute. 
This  rate  is  maintained  until  the  beginning  of  the  senile  period, 
between  the  fiftieth  and  sixtieth  year,  when  there  is  a  gradual  increase 
to  80  or  more  per  minute. 

(/5)  Variation  with  height:  Short  individuals  have  a  faster  rate 
than  tall  ones;  a  height  of  140  to  150  cm.  (4  ft.  8  in.  to  5  ft.)  corre- 
sponding to  a  rate  of  74  per  minute  while  180  cm.  (6  ft.)  corre- 
sponds to  60  per  minute. 

(Y)  There  is  a  variation  of  the  pulse  rate  with  varjring  muscular 
activity,  the  rate  being  increased  to  a  greater  or  less  extent  by  exercise. 

(d)  With  emotional  excitement  the  pulse  may  be  greatly  increased 
in  rate. 

b.  The  Circulation  in  the  Capillaries. 

1.  Cause  and  Variations.— The  ultimate  cause  of  the  blood 
pressure  in  the  capillaries  is,  of  course,  the  force  of  ventricular 
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systole.  Hiougb  the  capillary  pressure,  and  therefore  cajKlUn 
flow,  is  ultimately  caused  by  systole,  it  is  immediately  varied  bv 
change  in  the  lumen  of  the  arterioles.  If,  for  example,  the  local 
blood  supply  is  increased  by  a  widening  of  the  arterioles  under 
the  influence  of  the  vasomotor  nerve-muscle  apparatus,  then  the 
capillaiy  pressure  will  be  much  increased.  On  the  otlier  band,  if 
the  local  blood  supply  be  decreased  through  narrowing  of  the 
arterioles,  the  capillary  tendon  will  be  much  decreased.  In  the 
first  case  the  resistance  offered  by  the  arterioles  is  decreased,  while 
in  the  second  case  it  is  increased.  But  the  resistance  offered  bj 
the   arterioles  is  the  variable  factor  of  the  peripheral  resistance. 


The  greater  the  arteriole  resistance,  the  less  the  capillary  pressure, 
and  conversely.  Or  it  may  be  thus  stated :  The  greater  the  sectional 
urea  of  the  arterioles,  the  greater  the  capillary  pressure,  and  con- 
versely. 

KTo  sum  up,  then:  The  capillary  pressure  varies  (i)  directly  as 
the  energy  of  ike  heart's  systole,  and  (ii)  directly  as  the  sectional 
area  of  the  arterioles.  It  may  be  further  stated  that  the  local  capillary 
pressure,  and  consequently  local  plasma  supply  to  the  tissues,  varies 
directly  as  the  local  sectional  arteriole  area. 

k  2.  Eesolts. — This  relation  Iwtween  the  condition  of  the  arterioles 
and  capillary  pressure  is  a  most  important  phy^ologic  fact.     For 
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i  concrete  case  let  us  suppose  that  the  blood,  rich  in  foodstuffs  from 
I  recent  meal,  is  on  its  way  from  the  digestive  organs  to  the  general 
jystem;  the  individual  resumes  his  work,  which,  let  us  suppose,  is 
manual  labor  involving  especially  the  muscles  of  the  arms;  the 
surterioles  of  the  arms  dilate;  the  local  blood  supply  is  much  increased, 
probably  doubled;  the  veins  and  lymphatics  are  rapidly  emptied  by 
the  working  of  the  muscles;  with  the  decreased  resistance  in  the 
arterioles  has  come  an  increase  of  capillary  pressure;  the  increase  is 
so  great  that  the  rich  plasma  is  forced  through  the  permeable  capillary 
walls  and  bathes  the  muscle  cells.    Under 
such  conditions  a  certain  amount  of  the 
waste  products  will  enter  the  capillaries 
near  their  junction  with  the  veins,  where 
the    pressure  is  low,  but   much  will  falso 
leave  the  working  muscle  by  way  of  the 
lymph  radicals  and  lymphatics;  some  will 
be  retained,  and  after  a  few  hours  the 
muscle  ^\^ll  be  fatigued — a  rest  is  in  order. 
During  rest  the  arterioles  contract,  capil- 
lary pressure  falls,  and  the  accumulated 
products  of  destructive  metabohsm  readily 
find  their  way  into  the  capillaries,  are  car- 
rietl  to  the  organs  of  excretion,  and  thrown 
out  of  the  system. 

3.  Method  of  Determining  Capillary 
Pressure. — ^Von  Kries  used  a  glass  plate 
of  known  dimensions,  to  which  was  hung 
a  scale  pan;  the  weight  of  the  scale  pan 
and  plate  plus  the  weight  necessary  to 
exclude  the  blood  from  the  capillaries 
equals  ^he  pressure  for  the  area  of  the 
plate.  If  the  area  of  the  plate  be  1(K)  square  millimetres;  if  the 
weight  of  the  apparatus  be  5  gms.;  if  the  weight  added  to  suppress 
capillary  circulation  l)e  22.2  gms.,  and  if  Pc  be  the  capillary  pressure 
per  square  millimetre,  then  100  Pc  —   27,200  nigms.;    Pe  =   272 

272 
mgms.     Expre^$sed  in  height  of  column  of  mercury:  ^^  =  ^q  ^  =  20 

millimetres  of  mercury.     Several  differt»nt  methods  have  been  used 

which  involve  the  same  principle. 

A  slight  modification  of  von  Kries'  method  (see  Fig.  107)  may  be 

u.se<l.    'ITie  plate  which  rests  upon  the  finger  luis  no  raised  plate  of 

known  area;  it  therefore  becomes  necessary  to  determine  the  area 

of  the  part  from  which  capillary  circulation  is  excluded.    Suppose  its 

diameter  to  l)e  8  mm.;  weight  of  apparatus,  3.35  gms.;  weight  added 

to  stop  capillary  circulation  in  an»a  exposed,  20  gms.;  total  weight 

=  23.35  gms. 

^  12 


Apparatus  for  determining  the 
capillary  pressure. 
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From  the  experiment  above  cited  one  may  make  the  foltowing 

general  formula:    Pc  =  —   when  w  =  weight  in  milligrams;  when 

a  =  area  in  sq.  mm.;   when  g  =  sp.  gr.  of  mercury.     But  a  =  w*. 
therefore  the  formula  becomes: 

But  —  is  a  constant  quantity,  w  and  r  only  being  variable,  so  thatve 

may  give  as  a  general  formula  for  this  apparatus:    Pc  =  K     or 

the  capillary  pressure  equals  a  constant  (0.0234)  mvltiplifd  by  the 
weight  required  to  cxclvde  the  capiUary  circulaiion  from  an  area  and 
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divided  by  the  radius  of  the  area  squared.  The  resiilt  thus  obtained 
is  in  millimetres,  ant!  represents  the  lieight  of  a  column  of  mercury 
which  would  Imlance  the  capillary  pres.sure. 

The  various  results  of  von  Krios,  Ray,  and  others  vary  from  1 5  mm. 
Hg  to  50  mm.  Hg.,  acconling  to  the  relation  of  the  various  factors 
involved  in  the  capillary  pressure  at  the  time  of  determination.  The 
position  of  the  part  has  l)een  found  to  l>e  an  important  element.  If 
the  hand  be  held  alx)ve  the  level  of  the  shoulder,  for  example,  the 
capillary  pres.sure  will  l)e  much  decreased. 

4.  Di'apedeais.  (See  Fig.  lOS.}— The  term  diapedesis  is  used  to 
express  the  passage  of  corpuscles  through  the  capillary  wall.  The 
passage  of  white  corpti-sclcs  throug)i  the  capillary  wall  is  a  normal 
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ess,  and  is  the  result  of  an  amceboid  movement  of  the  leukocyte; 

the  passage  of  red  corpuscles  is  an  abnormal  process.  The 
ess  may  be  analyzed  into  several  acts:  (i)  adhesion  to  wall; 
finding  of  openings  by  pseudopod;  (iii)  the  amoeboid  movements 

flowing  of  protoplasm  incident  to  traversing  the  wall;  (iv) 
mption  of  typical  form  and  migration  through  tissues.  The 
ense  importance  of  this  process  was  first  emphasized  by  Cohn- 
I.  In  inflammation  both  red  and  white  corpuscles  (but  tlie  white 
far  more  numerous)  migrate  in  myriads  into  the  tissues.  Here 
*hite  corpuscles  may  be  sacrificed  for  the  good  of  the  organism. 
J  leukocytes  are  called  jms  corptiscles, 

c.  The  Oirculation  in  the  Veins. 

Forces  Involved  in  Venous  Oirculation. — {a)  Residuum  of 
RT  Pressure  exerted  through  the  capillaries. 
)  Xi'X;ative  Intrathoracic  Pressure  caused  by:  (i)  Action  of 
hragm  and  other  muscles  of  inspiration,    (ii)  Ventricular  systole, 

its  attendant  decrease  in  the  volume  of  the  heart,  (iii)  Apex 
,  pushing  out  the  anterior  wall  of  the  thorax.  This  negative 
5ure  or  suction  tends  to  lift  the  column  of  venous  blood  in  the 
iminal  vena  cava. 

)  Muscular  Contraction,  through  which  the  increasing  girths 
le  muscles  in  any  functional  unit — as  the  gripping  muscles  of 
■orearm — cause  lateral  pressure  upon  the  veins.  Through  this 
al  pressure  the  blood  is  forced  out  of  the  veins,  whose  valves 
lit  movement  toward  the  heart  only. 

)  The  Force  of  Gravitation  modifies  venous  flow:  (i)  hasten- 
t  in  the  jugulars  and  anterior  vena  cava;  (ii)  retarding  it  in  the 
rior  vena  cava,  in  the  veins  of  the  legs,  and  in  the  veins  of  the 

when  these  hang  down. 

Positive  Intra-ahdominal  Pressure,  during  inspiration  and 
ig  forced  expiration. 

these  forces  the  first  three  («,  /?,  y)  are  the  efficient  forces  of 
uscircHilation;  the  remaining  forces  are  either  so  small  in  relation 
e  first  three  that  they  may  be  ignored  or  they  act  only  as  modify- 
actors  or  under  special  conditions.  The  force  of  gravitation, 
jh  it  assists  the  downward  flow  in  all  veins  and  retards  the 
ird  flow,  may  rather  l)e  recorded  among  the  factors  which 
fy  venous  circulation.  Any  action  of  the  walls  of  the  alxlominal 
y  (descent  of  diaphragm  in  inspiration  or  contraction  of  the 
i!  walls  in  expiration)  will  force  toward  the  thoracic  cavity  any 
I  in  the  abdominal  veins,  but  it  will,  to  the  same  degree,  keep 
f  the  abdominal  veins  the  blood  from  the  legs. 

iTariations  of  Venous  Pressure.— The  forces  involved  in  venous 

ation,  as  enumerated  above,  are  the  causes  of  blood  pressure  in 
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the  veins.  These  factors  vary  greatly  in  different  parts  of  the  venou) 
system — e.  g.,  in  the  venules  the  principal  factor  is  the  residuum  of 
heart  force.  In  the  veins  of  the  limbs  one  important  factor  is  musde 
movement,  causing  a  flow  toward  the  heart  through  a  pressure  exerted 
upon  the  walls  of  the  veins;  this  increases  the  pressure  within  ibe 
veins  and  forces  the  blood  to  move  in  the  direction  of  least  resistance. 
The  distal  flow  is  blocked  by  the  valves  of  the  veins,  and  the  flow 
toward  the  heart  is  thus  increased.  In  the  large  venous  trunks  near 
the  thorax  the  negative  intrathoracic  pressure — caused  by  inspiration, 
by  cardiac  systole,  and  by  the  apex  beat — is  the  principal  factor  of 
venous  circulation,  operating  not  by  causing  higher  pressure  at  the 


PIcthysmogrBph  of  Mowo.    (M«rey. 


jMriphery,  but  by  causing  lower  pressure  at  the  centre.  The  <]uicken- 
ing  of  venous  cirfulation  through  niu.scle  movements,  whether  these 
movements  Ix'  pas.sive  or  active,  is  the  basis  of  the  theory  of  massage. 
All  the  varied  phases  of  massage  treutraent  have  developed  from  this 
point,  and  all  have  the  effect  of  (|ui('kening  venous  and  lymphatic 
circulation  primarily,  and  of  recuperating  and  rejuvenating  the  issues 
.secondarily.  Active  muscidar  exercise  not  only  quickens  venous 
anil  lymphatic  cireulation  directly  in  the  manner  described,  but 
also  indirectly  through  causing  an  incrca.se  in  the  frequency  and 
.strength  of  ventric-ular  systole,  and  furnishing  a  larger  residuum  of 
cardiac  foree  for  venous  circulation. 

3.  The  Plethysmograph. — ^This  instrument  comprises  a  metallic  or 
glass  ca.se,  which  is  made  to  enclo.se  an  arm,  leg,  or  finger,  the  open 
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tt  the  case  beiDg  closed  with  gutta-percha.     (See  Fig.  109.)     A 
tube  from  theplethysmographconnectswith  a  pressure  apparatus 


II  vkTos  Jf  aiedoeto  ibelnBoence 


ijimosmn.  Tbe  InBueDce  of  muMular  conlncUoD  li  added  lo  that  oT  mptntloD  and 
DDtnetloni.  Tbe  arm  1>  emptied  and  ibe  currc  dropa  during  contracUon.  Tbe  reaplra> 
ina  are  well  ouuked  In  parlloni  of  Ibu  tracings. 

mother  with  a  recording  taiii))our.  Any  cliaiigcs  in  the  volume 
ecurately  recorded  by  tlif  tracing  lever  ii[)on  a  kymograph  dniiii. 
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The  accompanying  plethysmograms,  taken  by  the  author  during  a 
class  demonstration,  show  the  general  influence  of  the  circulation 
upon  the  volume  of  the  arm. 

These  tracings  justify  the  following  conclusions: 

Fig.  110.  The  volume  of  the  arm  (or  other  portion  of  the  body)  is 
affected  by  the  cardiac  contractions. 

Fig.  111.  The  volume  of  the  arm  is  influenced  by  the  respiratory 
movements,  being  increased  during  expiration  and  decreased  during 
inspiration.  The  reason  for  the  decrease  during  inspiration  is  that 
the  increased  negative  intrathoracic  pressure  empties  the  veins  of 
the  arm. 

Fig.  112.  The  volume  of  the  arm  is  influenced  by  muscular  move- 
ments, being  increased  during  relaxation  and  decreased  during  con- 
traction. The  reason  for  the  decrease  during  muscular  contraction 
is  that  the  pressure  of  the  contracted  muscles  upon  the  veins  and 
lymphatics  empties  them  toward  the  heart.  This  is  a  demonstration 
of  the  validity  of  the  point  given  above,  where  muscular  contraction 
was  given  as  one  of  the  forces  which  cause  venous  blood  flow. 

d.  The  Ooronary  Circulation. 

The  problem  of  the  nourishment  of  the  heart  muscle  through 
circulation  of  blood  in  the  coronary  vessels  of  the  heart  has  led  to 
much  controversy. 

In  1689  Scaramucci  formulated  two  hypotheses  based  upon  super- 
ficial observation  and  a  meagre  knowledge  of  the  forces  which 
actuate  the  circulation.  These  two  hypotheses  were:  (i)  The 
deeper  coronary  vessels  are  squeezed  empty  by  the  contraction  of 
the  muscle  fibres  which  surround  them,  (ii)  The  coronary  vessels 
are  refilled  from  the  aorta  during  the  diastole  of  the  heart.  A  few 
years  later  Stroem  added  a  further  hypothesis :  The  coronary  vessels 
are  filled  in  diastole  because  their  mouths  are  closed  in  systole  by 
the  semilunar  valves. 

Actual  experiment  in  this  field  is  successful  only  through  the  aid 
of  delicately  adjusted  apparatus,  accurate  observations,  and  unbiased 
conclusions. 

Wc  need  not  follow  the  various  phases  of  the  controversy  through 
its  two  centuries  of  discussion,  largely  polemic,  but  come  directly 
to  the  presentation  of  some  recent  work  of  the  Harvard  physiologic 
lal)oratory,  which  seems  to  settle  most  of  the  questions  at  issue.* 

1.  Methods  of  Observation,  (a)  Coronary  Blood  Pressure. — Dogs 
and  cats  were  used  as  subjects  of  the  expiTiments.  The  obser\'ations 
were  made  on  anivsthetized  animals,  whose  respirations  were  carried 
on  artificially  through  tracheal  cannulse.     Blood-pressure  obser\'a- 

1  Porter,  Influence  of  Ueart  Beat  on  Flow  through  Ueart  Wall,  American  Journal  of  PbysS- 
ology,  vol.  1.  p.  145 
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tions  were  made  on  the  left  coronary  (ramus  descendens)  and  one 
of  the  carotid  arteries.  Simultaneous  tracings  were  made  through 
the  use  of  a  Hiirthle  membrane  manometer.  This  procedure  enabled 
the  observers  to  determine  the  relation  between  coronary  blood 
pressure  and  general  arterial  blood  pressure. 

(5)  Volume  of  Coronary  Blood  Flow. — "In  this  experiment  the 
extirpated  heart  of  a  cat  was  fed  with  warm  defibrinated  cat's  blood 
from  a  reservoir  at  constant  pressure  through  a  cannula  in  the 
ascending  aorta,  all  the  branches  of  that  vessel  except  the  coronary 
arteries  having  been  previously  tied.  The  blood  passed  from  the 
coronary  artery  into  the  right  ventricle,  and  thence  through  a  glass 
tube  drop  by  drop  upon  an  aluminium  plate  fastened  upon  the 
lever  of  a  Marey  tambour."  This  device  recorded  the  amount  of 
blood  (in  drops)  passing  through  the  coronary  circulation.  It 
recorded  also  tiie  heart  activity. 

2.  Results  of  Observations.— (i)  "Curves  of  the  blood  pressure 
in  the  carotid  and  coronary  artery,  recorded  simultaneously  by  two 
sensitive  membranes,  reveal  no  noteworthy  difference  in  the  form 
(or  time)  of  the  pulse  wave."  (See  Fig.  3,  p.  152,  vol.  i.,  American 
Journal  of  Physiology,) 

(ii)  "The  intramural  branches  of  the  coronary  vessels  are  com- 
pressed by  the  contraction  of  the  muscles  around  them." 

(ill)  "The  volume  of  the  blood  passing  through  the  coronary 
vessels  is  increased  by  an  increase  in  either  the  force  or  the  frequency 
of  the  heart  beat."  (See  Fig.  4,  vol.  i.,  p.  158,  American  Journal  of 
Physiology.) 

(iv)  "The  emptying  of  the  intramural  vessels  by  the  contraction 
of  the  heart  favors  the  flow  of  blood  through  the  heart  walls  chiefly 
by  the  diminished  resistance  which  the  empty  patulous  vessels  offer 
to  the  inflow  from  the  aorta  when  the  heart  relaxes. 


3.  THE  OntOULATION  OF  THE  LYMPH. 

•  a.  In  the  Lymph  Radicals. 

Oanses  and  Variation. — After  the  plasma  has  oozed  through 
the  capillary  wall  and  become  lymph  it  receives  pressure  from 
three  sources:  (i)  The  capillary  pressure  which  caused  it  to  filter 
through  the  capillary  wall  is  not  all  expended  in  that  process;  or, 
expressed  differently,  as  long  as  more  plasma  is  passing  into  the 
tissues,  the  plasma  or  lymph  already  there  is  forcecl  on  through  the 
minute  lymph  radicals,  (ii)  Endosmosis  is  the  principal  physical 
factor  of  lymph  circulation  in  the  lymph  radicals  of  the  intestinal 
mucous  membrane,  (in)  The  physiologic  factor  selection  plays  a 
still  more  important  role,  but  it  cannot  be  measured.    Variation  of 
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any  of  these  factors — ^the  first  through  variation  of  capillary  pressure, 
or  the  second  and  third  through  the  conditions  in  the  alimentary 
canal — will  cause  a  variation  of  pressure,  and,  as  a  consequence,  a 
variation  of  the  flow  in  the  lymph  radicals. 

6.  In  the  Lymphatics. 

Causes   and  Variation. — (i)    Residuum  of  the  pressure  in  th^ 
lymph  radicals  is  a  strong  factor,      (ii)  llie  most  important  factot 
of  lymph  circulation  in  the  limbs  is  muscular  activity.     As  is  ti*^ 
case  with  the  venous  circulation,  so  here  the  efficiency  of  muscu^^^ 
activity  depends  upon  the  presence  of  valves  within  the  vessel^- 
The  numerous  lymphatic  glands  in  the  course  of  the  lymphatics-^ 
especially  in  the  axilla  and  groin — ^act  somewhat  like  valves    '^ 
staying  the  reflux  of  the  column  of  lymph  after  it  has  once  pass^<»- 
(iii)  In  all  those  lymphatics  near  the  thorax  the  negative  pressti^^ 
of  that  cavity  during  inspiration  acts  as  a  strong  motive  factor*- 
Variation  of  muscular  acti\'ity  is  the  most  important  variable  factoi* 
in  the  lymphatic  circulation. 


E.  THE  CONTROL  OF  THE  ORGANS  OF  CIBCnLATION. 
1.  THE  INNERVATION  OF  THE  OIROULATORY  SYSTEM. 

When  we  remember  that  the  gt»neral  flow  of  blood,  in  response 
to  arterial  pressure,  is  affected  directly  by  the  activity  of  the  heart 
and  reciprocally  by  the  sectional  area  of  the  arterioles  and  capillaries, 
it  is  clear  that  the  problem  of  determining  the  exact  status  of  the 
circulation  can  only  be  solved  by  knowing  the  value  of  both  variable 
factors,  which  solution  is  not  facilitated  by  the  fact  that  lx)th  the 
heart  activity  and  the  sectional  area  of  the  arterioles  are  variously 
affected  by  different  local  and  general  stimuli.  These  different 
stimuli  affect  the  circulatory  organs  usually  through  the  medium 
of  the  nervous  system,  though  certain  stimuli  may  act  directly  upon 
the  muscle  tissue  of  the  heart  or  arteries. 

Fig.  113  gives  the  innervation  of  the  heart.  Note  that  there  arc 
two  sources  for  this  nerve  supply:  (i)  the  vagus  nerve,  and  (ii)  the 
sympathetic  system  of  nerves.  The  cardiac  ganglia  were  once 
supposed  to  represent  a  third  and  local  reflex  centre,  but  these  ganglia 
are  now  known  to  serve  as  simple  relay  stations  on  the  vagus,  or 
inhibitory  innervation  of  the  heart. 

a.  The  Innervation  of  the  Heart. 

1.  The  Action  of  the  Heart  Muscle. — ^The  most  recent  and  author- 
itative presentation  of  the  action  of  the  heart  muscle  and  the  control 
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that  action  is  that  by  Gaskell 

Schafer's  Pkysiolofft/,  vol.  U. 
169  et  seq.  A  few  quotations 
ow: 

*  The  ganglion  cells  in  the 
trt  are  part  of  the  great  group 
ganglion  cells  which  are  situ- 
d  on  the  course  of  the  small- 
red  efferent  nerves  supplying 

viscera.  These  cells  form  the 
lybg  groups  of  nerve  cells 
ich  are  known  by  the  name  of 
'  sympathetic  and  cerebro- 
nal  ganglia.  In  the  case  of 
■  heart  the  ganglion  cells  be- 
ig  to  the  small-fibred  efferent 
"diac  fibres  of  the  vagus,  just 

some  of  the  cells  in  the  gang- 
n  stellatum  and  in  the  inferior 
n-ical  ganglion  belong  to  the 
lall-fibred  efferent  cardiac  fibres 

the  augmentor  nerve.  There 
in»  more  reason  to  assign  spe- 
J  functions  to  these  cells  than 

any  of  the  other  peripheral 
;rent  nerve  cells.  They  are 
Is  connected  only  with  the  in- 
litory  fibres  of  the  vagus,  and 
such  are  simply  part  and  par- 

of  the  mechanism  of  inhibi- 
1,  just  as  the  corresponding 
Is  in  the  ganglion  stellatum  are 
iply  part  and  parcel  of  the 
pnentor  mechanism."  {Scha- 
.  vol,  ii.  p.  197,) 
'  The  beat  of  the  heart  of 
d-blooded  vertebrates  depends 
m  the  rhythmic  power  of  the 
ocular  tissue  of  the  large  veins 
1  sinus  being  greater  than  the 
thmic  power  of  the  other  parts 
the  heart.  In  all  cases  the 
atcr  or  less  rhythmicity  of  any 
t  of  the  heart  depends  upon 

nature  of  the  muscular  fibre 
which  that  part  is  composed, 


Diagram  or  Ibe  Dene  aupply  or  ihe  heart. 

Dolled  linen  Bbow  vacua  origin  of  can]  lac  pleioi; 
contlnuoUD  lines  thaw  ■jmpalhetlc  origin  of 
thai  pleiiia.  VC,  ragiia  centre  In  floor  of  fourlb 
TUTiI,:  SCS.  cardiac  t>raDcb  or  tbe  sup.  cerr. 
■rmp.;  MCS.  cardlu:  branch  of  the  mid.  cer. 
aymp,;  /  to  VII.  rami  c»mmunlc»ntBi  from 
■plnalconi  toggl.  of  symp.  ijpt.;  7CS,  In  f,  cerT. 
■ymp.  cd.  br.;  |3)  coronary  pJeiiuei  are  mil; 
dlv.  or  the  gen.  cardiac  plexus  ;  TCV,  ttaorerlc 
card.  Ijr.  of  Tagui ;  OR.  ganglion  of  lagua  mot ; 
GT.  ganglion  of  vagiia  Inink  ;  SCV,  >up.  cardiac 
br.  .HRui ;  ICV.  Int  cinllac  br.  vaguB ;  RL.  re. 
current  lary,,  giving  branch  to  cardiac  pleiii* ; 
aCP.  great  card.  pi.  of  vigui  and  aympalhetlc 
nbrei;  SfO,  superior oerrlcalggl,  aymp.;  MCa. 
mcd.  cervical  ggl.  aymp.; 
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and  not  upon  the  presence  or  absence  of  ganglion  cells."     (Schafer, 
vol.  ii.  p.  180.) 

"The  sequence  of  the  contractions  of  the  different  parts  of  the 
heart  is  most  probably  due  to  the  passage  of  a  wave  of  contraction 
along  muscular  tissue,  though  under  certain  conditions  this  con- 
traction may  be  so  small  as  not  to  be  visible  by  ordinary  methods  of 
investigation. 

"The  causation  of  the  beat  of  the  heart  and  of  the  sequence  of  the 
contractions  of  the  separate  cavities  is  the  same  in  warm-blooded  as 
in  cold-blooded  animals."     (Schafer,  vol.  ii.  p.  186.) 

"1.  The  strength  of  the  contraction  does  not  vary  with  the  strengtb 
of  the  stimulus.  The  heart's  motto,  as  Ranvier  and  Kronecker  anJ 
Meltzer  put  it,  is  *A11  or  none;*  either  it  will  not  contract  at  all,  or 
it  will  contract  to  the  fullest  extent  possible  at  the  time,  whether  thr 
stimulus  be  weak  or  strong. 

"2.  The  cardiac  muscle  cannot  be  tetanized. 

"3.  The  cardiac  muscle  possesses  a  long  refractory  period. 

"These  three  facts  of  stimulation  of  cardiac  muscle  are  due  almost 
certainly  to  one  common  cause,  and  to  that  same  cause  is  due  in  all 
probability  the  rhythmic  power  of  the  cardiac  muscle  and  the 
peculiarities  of  the  conduction  which  are  manifested  in  the  due 
sequence  of  the  contraction  of  the  various  chambers."  (SchafeTj 
vol.  ii.  p.  189.) 

"Efferent  fibres  of  opposite  function  leave  the  central  nervoii' 
system  to  supply  the  viscera;  they  pass  out  of  the  central  nervoiu 
system  as  the  fine  meduUated  processes  of  nerve  cells  in  the  centra 
nervous  system.  These  nerve  fibres,  the  preganglionic  fibres,  do  no 
pass  directly  into  the  tissue  of  the  peripheral  organ,  but  each  on' 
terminates  in  connection  with  an  efferent  nerve  cell,  from  which  i 
numl)er  of  fibres,  the  postganglionic  fibres  of  the  same  physiologi 
value,  pass  to  the  tissue.  The  efferent  nerve  cells  of  the  augmento 
system  are  situated  in  the  ganglia  of  the  so-c»alled  sympathetic  system 
the  corresponding  efferent  nerve  cells  of  the  inhibitory  system  ar 
situated  in  the  heart  itself."     (Schafer,  vol.  ii.  p.  202.) 

"1.  The  rhythmicity  of  the  cardiac  muscle  varies  inversely  as  it 
conductivity. 

"2.  '^Ilie  rhv'thmicity  of  the  cardiac  muscle  varies  directly  as  it 
excitability. 

"3.  The  rate  of  Recovery  of  the  excitability,  after  a  contractior 
varies  directly  as  the  rate  of  recovery  of  the  conductivity  after 
contraction. 

"In  other  words,  the  most  quickly  contracting  parts  of  the  heai 
are  the  Iciist  rhythmic,  and,  conversely,  a  block  in  the  passage  of  th 
contraction  wave  is  most  likely  to  occur  in  the  more  rhythmic  tissue 

"The  end  result  of  the  different  modifications  of  the  different  part 
is  not  only  to  form  an  efficient  force-pump  the  different  chambers  o 
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^'Wch  shall  always  act  in  regular  order,  but  also,  as  Engelmann^ 

has  pointed  out,  to  render  as  harmless  as  possible  to  the  economy 

any  accidental  irregularity  in  the  beat  of  the  pump.    For  we  see  from 

his  experiments  that  not  only  does  a  contraction  travel  at  different 

Thtes  over  the  different  muscular  tissues  of  the  heart,  but  also  the 

^te  of  travel  in  any  one  tissue  depends  upon  the  phase  of  that  tissue 

Bt  the  time.     For  just  as  the  excitability  of  the  tissue  is  restored 

jT3.clually  after  a  contraction,  so  also  is  the  restoration  of  the  full 

poiver  of  conductivity  a  gradual  one  after  a  contraction.    It  follows, 

^^refore,  that  an  interpolated  wave  of  contraction,  starting  at  the 

sinus  soon  after  a  normal  contraction,  will  travel  to  the  ventricle  over 

tis^^e  which  has  not  yet  regained  its  full  power  of  conduction,  and 

«>«^sequently  will  take  a.  longer  time  to  reach  the  ventricle  than  the 

pr^-^ous  normal  contraction  wave.    Therefore,  the  time  between  the 

nc^^Tnal  and  interpolated  ventricular  contractions  will  be  longer  than 

t|^^   time  between  the  normal  and  interpolated  contractions  of  the 

si^us;  in  other  words,  any  irregularity  in  the  beat  at  headquarters 

^^^^H  tend  to  be  compensated  by  the  time  the  ventricle  contracts,  so 

^^^t  the  contractions  of  the  ventricle  will  occur  at  much  more  regular 

^^'tcrvals  than  those  of  the  sinus.    Seeing  that  the  main  importance 

^^  the  economy  is  to  ensure  a  regular  ventricular  beat,  it  is  clear  that 

^*Us  more  or  less  complete  obliteration  of  any  irregularity  in  the 

rtiythm,  by  means  of  the  varying  rates  of  conduction  at  different 

phases  of  the  beat,  is  a  very  important  factor  in  maintaining  the 

efficiency  of  the  heart."     (Schafer,  vol.  ii.  p.  194,  195.) 

2.  The  Eegolation  of  the  Heart  by  the  Central  Nervous  System. 

—If  the  cardiac  plexus  of  a  dog  be  followed  upward  from  the  mouth 
of  the  anterior  vena  cava  it  will  be  found  to  represent  two  symmetric- 
ally located  sources,  one  to  the  right  and  one  to  the  left.    If  we  follow 
the  left  we  shall  find  the  three  or  more  nerve  trunks  converging 
toward  the  inferior  cervical  sympathetic  ganglion.     Here  there  are 
connections  anteriorly  along  the  vagosympathetic  trunk  toward  the 
brain  and  laterally  via  the  Annulus  of  Vieussens,  to  the  first  thoracic 
ganglion  of  the  sympathetic.     Whether  these  connections  represent 
afferent  or  efferent  nerves  is  impossible  to  determine  by  other  means 
than  by  physiologic  experimentation.     Suppose  the  vagosympathetic 
trunk  be  divided  high  up  in  the  neck  and  the  distal  end  stimulated 
with  an  induction  current,  the  result  will  be  a  slowing  or  stopping  of 
the  heart  l)eat;  if  the  stimulation  be  made  lower  down  and  at  different 
points  the  result  will  be  the  same  until  the  inferior  cervical  ganglion 
IS  reached,  when  the  results  will  be  variable  and  ambiguous.    If  the 
Aimulus  of  Vieussens  be  divided  and  the  distal  ends  stimulated, 
there  will  be  either  acceleration  of  the  rate  of  beat  or  augmentation  of 
the  strength  of  beat  of  the  heart.     If  the  Rami  Communicans  II  or 

1  Arch.  f.  d.  gOB.  Phyiiol.,  Bonn.  1897,  Bd.  xiv..  8. 158. 
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III  be  divided  and  stimulated  distally,  there  will  be  acceleration  or 
augmentation  of  heart  activity.  From  these  experiments  we  may 
conclude  that  the  vagosympathetic  trunk  (in  man  the  vagus)  contains 
fibres  whose  stimulation  causes  slowing  or  inhibition  of  the  heart 
beat,  while  the  sympathetic  contains  fibres  whose  stimulation  has  the 
reverse  effect — i,  e.,  that  of  acceleration  or  augmentation. 
Through  further  experimentation  the  inhibitory  fibres  may  be  traced 
along  the  vagus  through  the  jugular  foramen,  along  the  trunk  of  the 
spinal  accessory  to  its  origin  in  the  floor  of  the  fourth  ventricle  in 
the  posterior  part  of  the  medulla  oblongata.  In  a  similar  way  the 
accelerator  fibres  may  be  traced  through  the  Rami  Communicantes, 
along  the  anterior  nerve  roots  into  the  spinal  cord,  and  up  to  the 
medulla  oblongata,  where  its  exact  origin  has  not  been  determined. 
In  man  the  main  cardiac  branch  of  the  sympathetic  is  called  N. 
Accelerans  cordis,  and  is  not  ensheathed  with  the  vagus  in  any  part 
of  its  course. 

We  have  now  found  that  the  inherent  property  of  the  heart  muscle 
to  produce  an  uninterrupted  series  of  alternating  contractions  and 
relaxations  is  governed  by  the  central  nervous  system  in  a  way 
analogous  to  the  way  in  which  a  horse  is  governed  by  the  driver; 
the  inhibitory  vagus  fibres  checking  the  speed  of  the  heart  beat  and 
the  acceleratory  fibres  of  the  sympathetic  stimulating  the  heart  to 
greater  sj)eed,  or  greater  force,  as  the  case  requires.  But  what  causes 
the  central  nervous  system  to  send  these  messages  of  inhibition  or 
augmentation  to  the  heart?  Here  We  must  recall  the  general  principle 
that  all  messages  sent  oiU  from  the  central  nervous  system — all  efferent 
nerve  impulses — are  in  resjwnse  (i)  to  affererU  nerve  impulses,  brought 
to  the  central  nervous  system  through  nerves  which  carry  impulses 
only  from  the  periphera  to  the  centre — the  sensory  nerves;  (ii)  to 
direct  stimulation  of  the  centre.  As  an  example  of  (i)  the  sudden 
withdrawal  of  the  hand  from  a  needle  point  is  accomplished  through 
contraction  of  muscles  in  the  arm  in  response  to  an  efferent  motor 
niessagi"  from  the  centre,  which  in  turn  is  stimulated  by  the  a£Ferent 
message  of  pain  from  the  skin,  reaching  the  centre  through  a  sensory 
nerve.  If  we  look  for  the  afferent  nerves — sensory  nerves — which 
carry  messages  to  the  centre  from  the  heart  or  some  part  of  the 
periphery,  we  shall  find  them  represented  by  only  the  general  sensory 
nerves,  either  spinal  or  sympathetic,  and  these  affect  the  heart  beat 
only  indirectly,  after  a  too  complex  intercentral  interchange  to  be 
accepted  as  a  simple  reflex.  We  must  look  for  another  way  in  which 
the  centre  may  be  afFected.  (ii)  The  centre  may,  however,  be  directly 
stiniidatrd.  Physiologic  examples  of  the  direct  stimulation  of  a 
centre  are  not  numerous  and  are  confined  for  the  most  part  to  the 
circulatory  and  respiratory  centres.  This  direct  stimulation  of 
n\spirat()ry  and  circulatory  centres  is  made  possible  by  the  fact  that 
the  activity  of  these  organs  is  directed  toward  the  supply  of  the 
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system  with  blood  sufficient  in  quantity  and  proper  in  quality.  The 
nerve  centres  in  the  medulla  being  a  part  of  the  system  so  supplied, 
are  at  once  affected  by  variations  in  blood  pressure  or  in  the  quantity 
of  CO,  and  of  O  brought  by  the  blood  supply. 

(a)  StimQlation  of  the  Oardioinhibitory  Centre  Followed  by  Slowing 
of  the  Heart  Beat.  (a)  Direct. — (i)  Sudden  aneemia  of  the 
medulla  oblongata,  as  would  be  produced  experimentally  by  ligation 
of  the  carotids  and  vertebral  arteries,  (ii)  Sudden  venous  hyperaemia 
in  the  medulla  oblongata,  as  would  be  produced  experimentally  by 
ligation  of  the  jugular  veins,  (iii)  By  increase  of  the  CO,,  as  would 
occur  in  suspended  respiration ;  thus,  any  interference  with  a  proper 
oxygenation  of  placental  blood  during  pregnancy  or  parturition  will 
cause  a  slowing  of  the  fetal  heart  beats,  (iv)  Increased  blood 
pressure  in  the  cerebral  arteries. 

(fi)  Indirect. — Strong  stimulation  of  any  sensory  nerve — e.g.y 
tapping  the  exposed  intestines  of  a  frog  with  a  scalpel  handle  will 
cause  inhibition  of  the  heart. 

(6)  Stimiilation  of  Oardioaccelerator,  or  cardioauginentor  centres, 
followed  either  by  aceleration  of  rate  or  augmentation  of  force,  or 
both. 

Stimulation  may  be  direct  or  indirect,  but  uncertainty  about  the 
location  of  the  centre  confines  our  knowledge  to  that  gained  by  a 
stimulation  of  accelerator  fibres  which  always,  of  course,  causes 
acceleration  or  augmentation  of  heart  activity  with  associated  rise 
in  blood  pressure.  Indirect  stimulation  of  the  cardioaccelerator 
centre  is  illustrated  in  tlie  sipping  of  cold  water,  which  has  a  strong 
accelerating  effect  upon  the  heart,  probably  through  stimulation  of 
the  cardioaccelerator  centre,  through  afferent  fibres  of  the  sympa- 
thetic nervous  systcfm. 

3.  The  Mechanical  Stimulation  of  the  Heart.— (a)  Through 
increased  flow  of  blood  to  the  heart  due  to  negative  introthoracic 
pressure.  This  increase  of  blood  in  the  heart  cavities  seems  to 
stimulate  it  directly  without  the  intervention  of  the  nerve  apparatus. 

(Ji)  Through  increased  resistance  in  the  aorta;  due  in  turn  to 
increased  peripheral  resistance. 

6.  The  Innervation  of  the  Arteries. 

lliough  the  arterioles  and  small  arteries  may  change  their  caHbre 
through  such  local  influences  as  changes  in  tem{)erature,  their 
variations  in  calibre  are,  for  the  most  part,  due  to  the  influence  of 
nerves  upon  the  circular  muscle  fibres.  The  nerves  which  control 
the  arterial  supply  of  the  muscles  are  called  vasomotor  nervks. 
Experiment  has  proven  that  there  are  two  kinds  of  nerves  supplying 
the  arteries,  as  there  are  two  kinds  of  nerves  supplying  the  heart: 
(i)  There  are  fibres  which  augment  the  tonicity  of  the  vessels  by 
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causing  contraction;  these  nerves  are  called  vasoconstrictor 
NERVES,  (ii)  There  are  fibres  which  inhibit  the  stimulus  given  to  the 
muscles  by  the  vasoconstrictor  nerves,  these  are  called  vasodilator 
NERVES.  To  get  a  clear  idea  of  the  action  of  vasoconstrictor  and 
vasodilator  nerves  it  is  necessary  to  take  a  concrete  case.  TTie  svih 
maxillary  salivary  gland  is  supplied  by  two  nerves:  (i)  a  branch  of 
the  sympathetic  which  accompanies  the  artery;  (u)  the  chorda 
tympani  nerve.  Both  of  these  nerves  supply  fibres  to  the  arterioles 
of  the  gland.  Under  the  influence  of  the  sympathetic  the  arterioles 
are  kept  usually  in  a  state  of  moderate  contraction  called  "tonus." 
This  condition  of  tonus,  which  is  the  usual  condition  of  all  the  small 
arteries  and  arterioles  of  the  body,  is  maintained  by  rapidly  repeated 
moderate  stimuli  passing  from  the  vasoconstrictor  centre  in  the 
medulla  oblongata  out  to  the  arteries  in  all  parts  of  the  body.  If 
these  stimuli  are  increased  or  decreased  the  tonus  becomes  higher 
or  lower  accordingly — L  e.,  the  vessels  are  constricted  by  the  con- 
tracting circular  muscles,  or  they  are  dilated  by  the  blood  pressure 
after  relaxation  of  the  circular  muscles.  To  return  to  our  example— 
the  arterioles  of  the  submaxillary  salivary  gland  are  governed  by  the 
general  condition  of  the  vasoconstrictor  apparatus;  and,  according 
as  the  general  tonus  is  high  or  low,  the  local  blood  supply  will  be 
under  higher  or  lower  pressure,  but  not  necessarily  modified  in 
quantity.  If  an  especially  free  local  blood  supply  be  necessary — as 
is  the  case  when  the  gland  is  actively  secreting — some  local  inhibitory 
influence  must  be  brought  to  bear  upon  the  vasoconstrictor  ner\'es 
to  suspend  their  action  and  to  allow  the  arterioles  to  dilate  widely 
under  the  influence  of  the  blood  pressure.  This  local  inhibitory 
influence  is  furnished  by  the  chorda  tympani  nerve,  which  is  called 
a  vasodilator  and  has  upon  the  muscular  tissue  of  the  arteries  an 
influence  analogous  to  that  which  the  vagus  has  upon  the  muscle 
tissue  of  the  heart.  From  this  it  would  seem  that  the  primary  function 
of  the  vasoconstrictor  nerves  is  to  govern  general  blood  pressure 
through  general  changes  in  the  tonus  of  the  small  arteries  and  arteriole, 
thus  increasing  or  decreasing  terminal  resistance. 

The  above  example  further  indicates  that  the  primary  function 
of  the  vasodilator  nerves  is  to  control  local  blood  supply  through 
suspending  the  action  of  vasoconstrictors,  thus  allowing  the  blood- 
vessels to  dilate.  This  is  in  gt^neral  the  relation  of  the  two  systems 
of  vasomotor  nerves. 

1.  The  Vasoconstrictor  Muscle-nerve  Apparatus:  Tonus  of 

Bloodvessels. — ^^rhe  vasoconstrictor  centre  was  located  by  Lud^ig 
and  his  pupils  in  the  floor  of  the  fourth  ventricle — ^in  the  medulla 
oblongata.  That  this  is  a  general  centre  is  proven  by  this  experiment. 
Stimulation  causes  general  contraction  of  all  the  arteries;  while 
paralysis  of  the  centre,  as  by  overstimulation,  causes  general  dilata- 
tion.   From  this  centre  nerve  fibres  pass  down  the  lateral  tracts  of 
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the  spinal  cord,  from  which  they  emerge  through  the  anterior  nerve 

iDots  and  pass  into  the  sympathetic  system  through  the  rami  com- 

municantes.     From  the  sympathetic  system  they  supply  all  arteries 

of  the  body  cavity  and  some  of  the  arteries  of  neck  and  mouth  as 

branches  of  that  system;  while  the  arteries  of  the  skeletal  muscles 

and  skin  are  supplied  by  branches  which  have  left  the  sympathetic 

system  and  are  distributed  along  with  branches  of  the  spinal  or 

craviial  nerves.    Besides  this  general  centre  in  the  medulla  there  are 

loo^  centres  in  the  gray  matter  of  the  spinal  cord ;  further,  some  of 

the^    ganglia  of  the  sjTnpathetic  system  may  act  as  local  centres.    The 

ae"t:ion  of  the  local  centres  may  cause  a  local  change  in  arterial  tonus. 

Co)  Direct  Stimiilation  of  the  VaBOConstrictor  Centre. — (i)  An  excess 

of      dOj  in  the  blood  supplying  the  centre  acts  as  a  stimulus  and 

caxm^s  a  constriction  of  the  arteries  in  general,    (ii)  Sudden  anaemia 

of    ^he  medulla  as  the  effect  of  a  severe  hemorrhage  or  of  ligation  of 

th^i   arteries  bringing  the  local  supply,     (iii)  Venous  hypersemia  as 

il*^  effect  of  the  ligation  of  the  jugulars.    It  is  probably  the  excess 

o\    CO,  which  is  active  in  this  case,     (iv)  Poisons — e.  jr.,  strychnine, 

nicotine,  etc. 

(6)  Reflex    Stimiilation. — (i)    Through    ''pressor*'    afferent    nerve 

&^res  whose  stimulation  may  cause  a  reflex  constriction  of  the  arteries 

generally,     (ii)  Through  ''depressor**  afferent  nerve  fibres.     These 

a-^  not  widely  disseminated ;  most  of  them  are  located  in  the  depressor 

nerve  (superior  cardiac  in  man),  which  passes  upward  from  the 

Ventricular  walls,  through  the  vagus  to  the  vasomotor  centre.     The 

ventricular  termini  of  this  nerve  are  stimulated  by  an  excessively 

high  arterial  pressure.    The  return  message  is  not  sent  to  the  heart, 

but  to  the  vasoconstrictors  of  the  abdominal  cavity,  and  takes  the 

form  of  an  inhibition,  in  consequence  of  which  the  arteries  of  the 

abdomen  relax,  the  blood  pressure  falls,  and  the  heart  is  relieved  of 

its  excessive  work. 

2.  The  Vasodilatation. — ^^J^'hat  there  is  a  system  of  nerves  passing 
out  from  a  special  centre,  whose  function  is  to  suspend  or  inhibit 
I(X*ally  the  general  action  of  the  vasoconstrictor  system  is  abundantly 
proven  by  such  physiologic  experiments  as  that  upon  the  sub- 
maxillary gland.  It  has  been  further  proven  that  the  centre  is  in  the 
medulla — or  at  least  above  the  spinal  cord — but  its  exact  location  has 
not  been  detennined.  'ITie  distribution  of  the  vasodilator  fibres  is 
in  a  general  way  parallel  to  that  of  the  vasoconstrictor  fibres;  they 
may  supply  a  particular  locality  in  the  same  trunk  with  vasocon- 
strictor, motor,  and  sensory  fibres,  or  they  may  form  a  separate  nerve, 
as  in  the  case  in  the  chorda  tympani.  All  vasomotor  fibres  are 
efferent;  the  afferent  member  of  the  reflex  arc  is  represented  in  part 
by  the  blood  supply  of  the  centre  in  the  case  of  the  vasoconstrictor 
centre.  This  condition  is  possible  in  that  case  because  the  influence 
of  the  vasoconstrictor  system  is  for  the  most  part  general;  but  the 
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local  action  of  the  vasodilator  system  makes  direct  stimulation  of 
the  vasodilator  centre  practically  impossible.  As  no  afferent  vaso- 
dilator fibres  have  been  found,  it  is  probable  that  the  afferent  member 
of  the  arc  is  represented  by  the  sensory  nerve  coming  from  any 
given  locality. 

2.  ADAPTATIVE  GO-ORDINATION  OF  THE  AGTIVITIES 
OF  THE  CIRCULATORY  ORGANS. 

In  our  study  of  motion  in  general  physiology  we  found  that 
successful  adaptative  motion  must  be  co-ordinated  in  time,  or  i 
space  and  time,  and  controlled  in  force.    In  the  same  way  the  activities 
of  the  circulatory  organs,  depending,  as  they  do,  upon  muscle  con-^ 
tractions,  must  be  perfectly  co-ordinated  in  time  and  controlled  ii»^ 
force.    This  is  accomplished,  as  we  have  seen,  through  the  central 
nervous  system ;  its  co-ordinating  messages  are  sent  to  the  heart  and 
arteries  through  augmentor  and  inhibitory  cardiac  and  vasomotor 
fibres.    Through  the  agency  of  this  most  complicated  nerve  apparatus 
the  following  general  adaptative  adjustments  are  accomplished: 
I.  Regulation  of  temperature. 
II.  Regulation  of  secretion  and  excretion. 

III.  Regulation  of  supply  of  food  and  oxygen  to  working  organs. 

IV.  Regulation  of  general  blood  pressure. 

V.  Regulation  of.  local  blood  flow:  To  secreting  glands;  to 
working  organs;  in  blushing;  in  pallor,  etc.  Most  of  these  will  be 
discussed  under  different  headings. 


PATHOLOGIC  PHYSIOLOGY  OF  THE  BLOOD. 

INTRODUCTION. 

The  blood  is  cjuite  a  stable  fluid  and  changes  little  except  in 
diseased  conditions,  ^rhe  amount  of  haemoglobin  and  the  number 
of  leukocytes  are  most  easily  affected.  The  fluid  portion  of  the 
blood  is  kept  nearly  constant  in  quantity  by  the  easy  transmission  of 
lymph,  according  to  osmotic  and  arterial  pressure  governed  by  the 
nervous  mechanism  of  the  body.  The  reproductive  power  of  the 
corpuscle-forming  orpni  is  enormous,  millions  of  red  blood  corpuscles 
and  thousands  of  white  blood  corpuscles  being  reproduced  every  day. 
Unless  the  disease  is  in  the  blood-forming  organs,  nature  will  supply 
the  demand  made  by  most  diseases  and  keep  the  blood  near  normal. 
The  changes  that  occur  in  disease  are  varied  and  complex  in  many 
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cases,  though  in  some  they  are  very  definite.  The  following  will 
illustrate  the  changes  that  take  place  in  the  blood  in  health  and 
ill   disease. 


A.  GOKPUSCLES. 
1.  THE  RED  CORPUSCLES. 

a.  Morphology. 


v\     V 


J 


1.  Form. — ^The  normal  red  corpuscle  is  called  an  erythrocyte  or 
normocyte  (Plate  I.,  Fig.  viii,  a).  One  that  is  smaller  is  called  a 
microcyte  (A)  and  one  larger  a  megalocyte  (i).  ^Vhen  the  corpuscle 
is  irregular  in  shape  it  is  called  a  poikilocyte.  This  is  usually  pear- 
shaped,  though  it  may  be  oval  or  any  other  shape.  When  a  corpuscle 
of  the  usual  size  has  a  nucleus  it  is  called  a  normoblast  (;,  k),  A 
nucrocyte  having  a  nucleus  is  called  a  microblast  (/)  and  a  megalocyte 
*  nnegaloblast  (m,  n).  Some  irregular  distortion  of  the  corpuscles 
visually  occurs  while  spreading  blood  films.  The  glass-slide  method 
pf  spreading  may  make  tlie  corpuscles  oval,  but  they  would  all  lie 
'^  the  same  direction,  which  does  not  occur  when  produced  by 
disease. 

Poikilocytosis  (rf,  g)  is  a  beginning  degeneration  of  the  red  cor- 
puscles, and  is  characteristic  of  the  more  severe  forms  of  ansemia, 
fs  pernicious  anaemia  and  leukaemia.    The  oval-shaped  poikilocyte 
*5  said  to  be  characteristic  of  pernicious  anaemia. 
^  2.  Size. — ^The  microcyte  is  any  corpuscle  smaller  than  a  normal- 
sized  corpuscle,  and  usually  varies  from  3/i  to  6/i.    The  megalocyte 
IS  one  that  is  larger  and  varies  from  9/i  to  20/i.    In  the  milder  forms 
of  the  severe  anaemias  the  poikilocytes  are  of  the  smaller  variety, 
^hile  in  the  more  advanced  conditions  they  are  of  the  larger  variety. 
The  presence  of  a  nucleated  corpuscle  in  the  blood  shows  the  effort 
on  the  part  of  nature  to  supply  a  deficiency,  as  the  corpuscle  normally 
loses  its  nucleus  before  it  enters  the  blood  stream.    Normoblasts  are 
found  in  the  blood  in  mild  anaemias  of  hemorrhagic  or  other  origin, 
especially  early  in  life.    In  the  severe  forms  of  anaemia  the  megalo- 
blasts  are  more  common  and  significant  than  the  microblasts.    The 
megaloblasts  in  a  beginning  severe  anaemia  contain  an  increased 
amount  of  haemoglobin,  while  in  the  more  chronic  and  advanced 
stages  tlie  amount  is  diminished.    This  shows  that  nature  tries  to 
supply  a  greater  oxygen-carrying  area  by  supplying  larger  corpuscles. 

h.  Color. 

All  the  color  tests  show  the  percentage  of  color  in  the  whole  blood. 
But  83  the  coloring  matter  is  contained  entirely  within  the  red  cor- 
puscle, and  as  these  comprise  only  50  per  cent,  of  the  whole  blood, 
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the  usual  tests  are  correct  only  when  the  amount  of  corpuscles  is 
normal.  The  true  percentage  or  color  index  then  will  be  the  amount 
of  coloring  matter  in  each  corpuscle. 

1.  Etemoglobin  Increased. — ^The  haemoglobin  is  increased  in  the 
unusual  condition  of  living  in  a  high  altitude,  but  as  the  number  of 
red  corpuscles  is  increased  in  greater  proportion  than  the  coloring 
matter,  the  color  index  is  low.  In  pernicious  ansemia  the  amount  of 
hsemoglobin  in  each  corpuscle  is  increased,  although  the  number 
of  corpuscles  is  greatly  diminished,  thus  making  the  color  index 
high,  although  the  percentage  of  coloring  matter  in  the  whole 
blood  is  low.  The  only  way  more  haemoglobin  than  normal  can 
be  present  in  the  corpuscle  is  by  the  corpuscle  being  larger  than 
normal. 

2.  Haemoglobin  Decreased. — ^The  actual  and  relative  decrease  of 
hfiemoglobin  is-  the  most  common  abnormality  of  the  blood.  This 
occurs  as  a  symptom  of  a  multitude  of  conditions  ranging  all  the  way 
from  a  lack  of  fresh  air  and  exercise,  intestinal  disorders,  either  of 
assimilation  or  elimination,  to  the  severe  anaemias,  as  chloroas, 
pernicious  anemia,  etc.,  and  is  due  directly  to  the  excessive  loss  of 
iron  or  the  inability  to  absorb  it  from  the  intestinal  tract. 

c.  Number. 

1.  Increased. — ^An  increase  in  the  numlier  of  red  corpuscles  may 
temporarily  be  caused  by  anything  that  causes  a  great  loss  of  the 
plasma  of  the  blood,  as  severe  sweating,  diarrhoea,  etc.    Under  the 
unusual  condition  of  life  in  a  high  altitude  the  corpuscles  are  increased 
two  or  three  millions  in  number,  according  to  the  altitude.    This  is 
due  probably  to  the  lessened  atmospheric  pressure  and  to  the  increased 
arterial  tension,  but  just  how  this  acts  is  unknown.    The  increase, 
however,  is  relative  only,  the  volume  of  the  corpuscles  remaining  the 
same  as  before,  as  the  individual  corpuscles  are  smaller.     In  some 
forms  of  anaemia,  especially  that  occurring  in  young  women,  called 
chlorosis,  nature  attempts  to  counteract  the  loss  of  the  oxygen- 
carrying  power  of  the  blood  by  increasing  the  number  of  corpuscles 
one  or  even  two  millions. 

2.  Decreased. — 1l\\^  red  corpuscles  are  decreased  in  number  in  all 
kinds  of  hemorrhages,  epistaxis,  menorrhagia,  haemoptysis,  haema- 
temesis,  traumatic  hemorrhages,  etc.  In  all  forms  of  blood  diseases 
except  chlorosis  the  numlxT  is  decreased,  as  in  pernicious  anaemia, 
leuktemia,  malaria,  etc.  In  all  fevers  and  acute  diseases  there  is 
great  destruction  of  red  corpuscles  causing  a  diminished  number. 
For  example,  the  exanthemata,  tj^phoid  fever,  and  inflammatory 
diseases.  Also  in  all  wasting  and  chronic  diseases,  as  diabetes, 
chronic  nephritis,  cancer  cacliexia,  etc.,  the  number  of  red  corpuscles 
is  gradually  but  greatly  diminished. 
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2.  THE  WHITE  CORPUSCLES:    LEUKOCYTES.    A     j 

Number. 

1 .  Increased,  (a)  Simple  Leukocytosis. — Consists  of  a  relative  in- 
crease of  all  the  different  kinds  of  white  corpuscles,  and  occurs  in  such 
physiologic  conditions  as  those  following  digestion,  exercise,  short  cold 
baths,  or  during  pregnancy,  parturition,  early  life,  and  just  preceding 
death.    The  number  under  these  conditions  is  usually  less  than  20,000. 

(6)  Mononuclear  Leukocytosis  occurs  physiologically  in  infants  and 
young  children.  Pathologically  it  occurs  in  cachectic  conditions  and 
in  individuals  poorly  nourished.  It  occurs  in  the  severe  anaemias, 
as  chlorosis  and  'pernicious  anaviia,  also  in  secondary  animias  of 
syphilitic  or  tuberculous  origin.  It  is  present  also  in  pertussis,  hereditary 
syphilis,  and  in  chronic  diseases  of  the  spleen  or  lymphatic  glands. 
A  mononuclear  leukocytosis  associated  with  enlargement  of  the 
lymphatic  glands  is  characteristic  of  lymphatic  leukamia, 

(c)  Poljmuclear  Leukocytosis,  or  Neutrophilia. — Practically  all  inflam- 
matory leukocytoses  are  of  this  variety,  and  vary  according  to  the 
intensity  of  the  inflammatory  process,  or  the  resistance  of  the  patient. 
Because  of  this  variation  the  resistance  of  the  individual  can  l)e 
shown  by  the  leukocytosis.  In  a  mild  infection  a  small  leukocytosis 
shows  good  resistance,  while  a  larger  leukocytosis  out  of  proportion 
to  the  infection  shows  poor  resistance.  In  a  severe  infection  a  pro- 
nounced leukocytosis  shows  a  good  resistance,  while  a  poor  resistance 
is  shown  by  no  leukocytosis.  Among  the  most  important  causes  of 
a  severe  leukocytosis  are  any  septicrmic  or  pyamic  infection,  acute 
aHicular  rheumatism,  pneumonia,  etc. 

There  is  another  class  of  lukocytosis  called  toxic,  caused  by  poison- 
ing with  CO,  ptomains,  tuberculin,  prolonged  chloroform  narcosis, 
etc.  There  are  some  peculiar  exceptions  to  these  causes  of  leuko- 
cytosis, as  its  absence  m  typhoid  fever,  influenza,  measles,  tubercu- 
losis, and  some  other  diseases,  until  inflammatory  complications  give 
rise  to  it. 

(d)  Sosinophilia  consists  of  an  increase  in  the  number  of  eosinophils. 
This  occurs  physiologically  in  infants  and  during  the  menstniation 
of  women.  Pathologically  it  occurs  in  many  acute  and  chronic  skin 
diseases^  as  eczema,  urticaria,  and  psoriasis;  in  helminthiasis,  as 
trichinosis  and  ankylostomiasis;  in  postfebrile  conditions, in  malignant 
diseases,  in  disease  or  extirpation  of  the  spleen,  in  purpura,  hemor- 
rhagic exudations,  phosphorus  poisoning,  bronchial  asthma,  and  in 
myelogenous  leukaemia. 

(e)  Ifyetomia. — ^The  myelocyte  (Plate  I.,  Fig.  i,  d.  Fig.  vii)  is  an 
inhabitant  of  the  bone-marrow.  The  presence  of  myelocytes  in  the 
blooil  in  large  numliers  occurs  in  myelogenous  leukaemia.  In  most 
cases  of  marked  leukocytosis,  or  severe  ana?mia,  there  are  a  few 
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myelocytes.    Myelfiemia  seems  to  be  the  result  of  stimulation  of  tli< 
bone-marrow. 

2.  Decreased. — ^A  decreased  number  of  leukocytes,  or  leukopeniau 
may  be  caused  physiologically  by  prolonged  cold  or  hot  baths,  o 
starvation  and  malnutrition.      Pathologically  those  diseases  men — 
tioned  having  an  absence  of  leukocytosis  where  we  would  expect  it:— 
frequently  have  a  diminished  number,  associated  with  a  mononucleai 
leukocytosis.    In  severe  secondary  anaemias,  in  pernicious  and  splenic 
anaemias,  the  leukocytes  are  decreased. 

The  eosinophiles  are  decreased  during  digestion  and  severe  exercise. 
In  most  cases  of  leukocytosis  they  are  diminished. 

The  definite  causes  of  the  increase  or  decrease  of  the  various  kinds 
of  leukocji;es  are  known  only  in  a  general  way.  A  single  or  a  mono- 
nuclear leukocytosis  is  caused  by  changed  physiologic  conditions, 
such  as  pressure  and  osmosis,  or  by  changes  in  metabolic  processes. 
But  to  the  polynuclear  leukocytes  it  seems  that  the  phagocytic, 
bactericidal,  and  chemotactic  powers  belong  pre-eminently.  Eosin- 
ophilia  appears  to  be  caused  by  a  selective  chemotaxis. 

B.  PLASMA. 

1.  WATER. 

The  fluid  portion  of  the  blood  is  increased  by  anaemia  and  by 
such  conditions  as  dropsy  and  anuria.  Physiologically  it  may  be 
caused  temporarily  by  taking  large  quantities  of  liquids  or  by  trans- 
fusion of  saline  solution.  The  fluid  portion  is  decreased  by  excessive 
perspiration,  vomiting,  diuresis,  profuse  diarrhoea,  or  extensive 
effusions. 

2.  SALTS. 

1.  The  chlorides  are  decreased  during  febrile  diseases,  but  when 
the  crisis  takes  place  the  chlorides  are  increased,  especially  in  pneu- 
monia. A  part  of  the  chlorides  are  retained  in  the  exudate  and 
another  part  by  the  excess  of  nitrogen  from  torn-down  tissue  during 
the  febrile  attack.  Chlorides  are  also  diminished  in  the  blood  in 
dropsy  by  l)eing  retained  in  the  colU^ctions  of  fluid. 

In  diabetes  insipidus  and  when  diuresis  has  been  established  in 
dropsy  the  chlorides  are  in  excess. 

2.  The  phosphates  are  diminished  in  gout,  Bright's  disease,  and 
in  most  acute  diseases.  They  are  increased  in  diffuse  disease  of 
nerve  centres  or  diffuse  disease  of  bone  as  in  osteomalacia  and 
rickets;  also  in  phosphatic  diabetes  as  described  by  Tessier. 

3.  The  sulphates  are  physiologically  increased  by  active  exercise 
and  a  meat  diet.    In  disease  they  are  increased  especially  in  menin- 
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gitis  and  iheumatism.     In  other  diseases  they  increase  much  as 

urea  does. 

4.  Calcium  salts  are  sometimes  increased  in  gout,  when  there  are 
calcium  concretions;  they  are  diminished  in  haemophiKa.    Theoretic- 
ally we  would  expect  them  to  be  diminished  in  osteomalacia  and 
rickets. 

3.  EXTRACTIVES. 

1-    Dextrose  is  in  excess  in  the  blood  in  diabetes  because  of  its 
excessive  manufacture  due  to  diseased  conditions. 

2.  Urea  is  physiolo^cally  increased  by  excessive  mental  or  mus- 
cul&ir  exercise  and  an  exclusive  meat  diet.  It  is  increased  in  all 
febrile  conditions  because  of  the  increased  katabolism.  It  is  also 
increased  in  structural  disease  of  the  kidneys  because  its  elimination 
*^  iinpeded.  It  is  diminished  in  malnutrition  when  metabolism  is 
ret«.rJed  and  also  in  structural  disease  of  the  liver,  because  its 
^Manufacture  is  diminished. 

3.    The  purin  bodies  are  increased  by  a  meat  diet  associated  with 
wniited  exercise.    They  are  increased  in  heart  and  lung  diseases  or 
^^y  condition  that  lessens  the  oxygen-carrying  power  of  the  blood. 
*^ey  are  also  increased  in  acute  febrile  conditions,  lukaemia,  and 
"right's  disease.    In  general,  the  purin  bodies  are  diminished  when- 
ever urea  is  diminished. 


C.  COAGULATION  FACTORS. 

1.  Fibrinogen  is  increased  in  most  inflammatory  and  infectious 
diseases.  In  general  it  increases  as  the  leukocytosis  increases. 
Fibrin  does  not  increase  in  malignant  disease,  tuberculosis,  typhoid 
fever,  the  severe  anaemias,  purpura,  etc. 

2.  Thrombin  is  diminished  in  the  hemorrhagic  diseases,  especially 
haemophilia,  as  the  blood  platelets  are  diminished  in  most  of  these 
conditions. 

3.  The  calcium  salts  were  mentioned  under  salts. 


THE   PATHOLOGIC   PHYSIOLOGY  OF  THE 

CIRCULATORY  ORGANS. 

XNTRODUCTION. 

In  the  chapter  on  physiology  of  circulation  it  lias  lx;en  shown 
that  the  prindpal  functions  of  circulation  are  (i)  to  carry  a  supply 
of  oxygen  and  nutritious  substances  to  all  the  tissues  in  the  body, 
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and  (ii)  to  carry  CO2  and  other  waste  products  to  the  organs  by 
which  they  are  eliminated.  Further,  it  has  been  shown  that  there 
are  several  factors  which  make  possible  the  transmission  and  inter- 
change of  life-giving  and  waste  products :  These  are  (i)  the  circulating 
media,  lymph  and  blood;  (11)  the  propelling  organ,  the  heart,  and 
(ill)  the  circulating  channels  through  which  the  media  pass.  A 
consideration  of  the  pathologic  physiology  of  the  cii*culating  media 
is  presented  in  another  section,  hence  the  following  pages  will  be 
devoted  to  a  consideration  of  those  pathologic  processes  which 
clearly  interfere  with  the  functions  of  the  heart  and  the  vascular 
channels.  In  considering  these  pathologic  states,  it  will  be  observed 
that  many  important  lesions  are  unaccompanied  by  subjective 
symptoms;  this  is  due  to  the  power  of  the  heart  to  carry  on  a  circu- 
lation adequate  to  the  wants  of  the  organism  even  though  the  arterial 
resistance  is  increased  and  the  valvular  and  muscular  tissues  of  the 
heart  are  diseased.  In  other  words,  morbid  conditions  are  productive 
of  physiologic  changes  which  make  it  possible  for  the  heart  to 
functionate  properly.  In  this  chapter  the  principal  morbid  conditions 
arising  in  the  vascular  system  will  be  discussed,  and  their  symptoms 
and  progressive  pathology  explained. 


1.  PERICARDITIS. 

a.  Acute. 

1.  Pathology. — The  various  forms  of  pericarditis  may  be  con- 
sidered as  different  stages  of  the  same  pathologic  process.  In  the 
early  stage  there  is  hypersemia  and  a  rough  and  lustreless  appearance 
of  the  pericardium,  then  an  exudate  of  fibrin  finds  its  way  through 
the  diseased  pericardial  membrane,  and  this  may  be  followe<l  by  an 
effusion  of  serum,  which  may  either  be  absorbed,  leaving  bands  of 
adhesions,  or  become  infected  with  pyogenic  micro-organisms. 

2.  Symptomatology. — ^^rhe  symptoms  of  pericarditis  are  not  clear- 
cut  and  definite,  and  in  many  cases  its  presence  is  recognized,  if  at 
all,  only  by  physical  findings.  However,  some  symptoms  are  fairly 
constant  in  cases  that  are  at  all  marked.  Among  these  are:  chill, 
fever,  pain  and  discomfort  in  the  pericardial  region,  distention  of 
veins  of  neck,  aphonia,  dysphagia,  cough,  dyspnoea,  cyanosis,  restless- 
ness, insomnia  and  even  (lelirium  and  coma. 

3.  Physiology. — The  chill  and  fever  point  to  the  infectiotis  origin 
of  the  disease.  Pain  and  discomfort  are  due  to  irritation  of  nerve 
trunks  or  endings  by  the  inflammatory  reaction  or  distention  of  the 
pericardial  sac  with  effusion.  The  presence  of  a  large  effusion 
prcnents  a  free  relaxation  or  diastole  of  the  heart.  This  decreases 
the  amount  of  blood  which  passes  through  this  organ  to  the  pulmonary 
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and  systemic  circulations,  and  causes  the  dyspnoea  and  cyanosis. 
This  disturbed  circulatory  condition  may  also  be  n^sponsible  for  the 
restlessness  and  insomnia  which  probably  indicates  an  improper  blood 
supply  to  the  brain.  The  distention  of  the  pericardium  may  cause 
(i)  aphonia  by  pressure  on  the  recurrent  laryngeal;  (ii)  cough, 
through  irritation  of  tracheal  nerves  by  compression ;  (iii)  dysphagia, 
through  pressure  on  oesophagus;  (iv)  enlarged  veins  on  the  neck — 
these  from  failure  of  the  heart  to  pump  the  blood  through  the  pulmo- 
nary circulation  as  rapidly  as  it  returns  from  the  system.  Delirium 
and  coma  are  probably  results  of  toxaemia  acting  on  the  brain. 

Ir.  Chronic  Pericarditis  or  Sequelae  of  Acute  Pericarditis. 

ITie  pathology  is  comprised  in  adhesions  between  visceral  and 
parietal  pericai^dial  membranes,  or  this  plus  adhesions  to  pleura  and 
extension  to  peritoneum  involving  liver  and  spleen.  This  results  in 
hypertrophy  and  dilatation. 

ITie  symptomatology  and  physiology  of  these  conditions  will  be 
considered  under  a  separate  head. 


2.  MYOCARDITIS. 

a.  Acute. 

1.  Pathology. — ^The  pathology  of  myocarditis  is  typical  of  inflam- 
matory diseases  anywhere,  and  comprises  infiltration  of  the  heart 
substance  with  red  and  white  blood  cells,  fibrin  and  serum,  swelling, 
granular  and  fatty  degeneration  of  muscle  fibres,  and  probable  pus 
formation,  resulting  in  small  myocardial  abscesses.  These  may 
nipture  into  the  heart,  causing  septic  emboli,  into  the  pericardium, 
causing  septic  pericarditis,  or  they  may  be  absorbed  and  leave 
cicatricial  scars. 

2.  Sjnnptomatology. — ^l^he  symptoms  are  very  indefinite  and 
uncert^n;  in  fact,  the  disease  is  not  suspected  in  the  great  majority 
of  cases,  since  the  symptomatology  of  the  accompanying  and  causative 
disease  overshadows  the  heart  symptoms.  There  may  be  pericardial 
pain,  weak,  irregular  heart  action,  and  symptoms  of  septicsemia — 
these  are  only  suggestive,  not  positive,  and  a  diagnosis  is  very  unusual. 

3.  Physiology. — ^The  pain  is  very  probably  due  to  the  involvement 
of  the  pericardium.  The  degenerating  process  involving  the  muscu- 
lature of  the  heart  would  account  for  the  irregular  and  weakened 
heart  action,  since  a  degenerating  muscle  fibre  would  be  unable  to 
respond  normally  to  stimulation.  Septicemic  symptoms  would  come 
from  the  rupture  of  myocardial  abscesses  into  the  heart  cavities; 
these  throw  micro-organisms  into  the  blood  current. 
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b.  Chronic. 

1.  Pathology. — This  disease  is  characterized  by  a  variety  of 
pathologic  findings,  all  of  which  are  the  direct  or  remote  result  of 
impaired  circulation  in  the  heart  wall.  The  muscle  fibres  may  show 
fatty  or  granular  degeneration,  and,  finally,  formation  of  scar  tissue; 
nipture  or  aneurysm  of  the  heart  may  result.  Generally  these  changes 
are  due  to  obstruction  of  a  coronary  artery  or  some  of  its  branches. 

2.  Sjnnptomatology. — If  any  symptoms  are  to  be  observed  they 
are  slow,  irregular  heart  action,  and  dyspnoea.  Other  symptoms, 
those  of  insufficiency,  arise  as  the  compensation  is  broken,  and  will 
be  presented  under  dilatation. 

3.  Physiology. — It  will  be  readily  observed  that  a  muscular  tissue 
whose  substance  is  honey-combed  and  even  partly  replaced  with  an 
unusual  amount  of  fibrous  tissue  will  contract  much  less  easily  and 
rapidly  than  as  of  one  in  normal  condition.  Part  of  its  energy  must 
be  expended  in  overcoming  the  resistance  of  the  fibrous  tissue.  This 
causes  the  slow,  irregular  heart.  The  dyspnoea  probably  results 
from  failure  of  the  heart  to  pump  the  blood  through  the  lungs  fast 
enough  to  ensure  proper  aeration. 


3.  ENDOCARDITIS  (ACUTE). 

1.  Pathology. — ^The  pathology  is  not  uniform,  but  the  inflam- 
matory changes  most  frequently  affect  the  endocardium  lining  the 
valves.  There  is  first  a  swelling  of  the  basement  membrane  and 
oedema  of  the  endothelium.  There  may  be  irregular  proliferations 
of  the  former,  in  which  case  outgrowths  or  vegetations  appear.  If 
from  any  cause  degeneration  should  occur,  ulceration  ensues.  In 
any  case,  if  roughing  of  the  surface  occurs,  fibrin,  blood  platelets,  and 
other  elements  of  the  circulatory  medium  are  prone  to  become 
attached  to  this  rough  spot  and  help  form  the  vegetations  which  in 
this  are  really  fibrous-tissue  outgrowths. 

In  the  so-called  malignant  endocarditis  all  the  above  lesions  may 
be  observed,  more  marked,  perhaps,  than  there  presented,  but  the 
great  difference  lies  not  in  the  form  of  the  lesion,  but  in  the  presence 
of  bacteria  in  and  on  the  vegetations.  Further,  there  may  be  septic 
eml)olic  processes  in  different  parts  of  the  body. 

2.  Sjnnptomatology  and  Physiology. — In  view  of  the  fact  that 
acute  endocarditis  is  a  disease  complicating  a  great  number  of 
systemic  infections  and  diseases  of  uncertain  origin,  its  symptom- 
atology is  too  vague  and  diverse  to  admit  of  positive  classification 
and  explanation,  '^riiere  is  usually  a  febrile  reaction  and  increase  in 
pulse  rate,  but  to  what  extent  this  may  result  from  the  endocarditis 
or  from  the  accompanying  (or  causative)  disease  cannot  be  definitely 
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stated.  About  the  only  definite  symptoms  in  the  course  of  an  attack 
of  malignant  or  ulcerative  endocarditis  are  those  arising  from  emboli 
which  are  detached  from  the  morbid  growths  on  the  valves  and 
carried  along  the  blood  current,  to  be  lodged  in  some  organ  or  tissue 
at  a  point  where  repeated  subdivision  of  the  artery  makes  it  too 
small  to  admit  of  the  passage  of  the  embolus.  It  will  be  readily 
observed  that  the  symptoms  in  such  a  case  would  depend  upon  the 
organ  or  tissue  in  which  the  embolus  lodged,  the  size  and  character  of 
the  embolus,  and  whether  a  collateral  circulation  might  be  easily 
established. 

In  this  connection  it  will  be  well  to  consider  thrombosis  and 
embolism,  though  these  diseases  or  accidents  do  not  of  necessity 
accompany  acute  endocarditis  alone,  but  may  be  associated  with 
any  conditions  which  cause  slowing  of  the  blood  stream  or  roughening 
of  the  endothelium. 

a.  Thrombosis. 

1.  Pathology. — A  roughened  endothelium,  whether  of  the  heart, 
arteries,  or  veins,  predisposes  to  a  deposit  of  blood  platelets,  white 
celk  and  fibrin,  which  form  a  clot  or  thrombus  on  the  roughened 
surface.  This  may  become  absorbed  or  l)ecome  organized;  in  the 
latter  case  forming  a  partial  or  complete  plug  of  fibrous  tissue  in  the 
lumen  of  the  vessels. 

2.  Sjnnptomatology.^-The  symptoms  vary  with  the  size  and 
location  of  the  vessel  affected  and  are  due  entirely  to  mechanical 
effects  unless  bacteria  should  be  present.  If  a  coronary  artery  were 
affected,  there  would  ensue  symptoms  of  cardiac  insufficiency  because 
of  failing  nutrition  of  the  heart  muscle.  If  a  cerebral  artery  were 
affected,  the  symptoms  of  anaemia  and  ischsemia  of  the  area  supplied 
by  it  would  gradually  supervene.  If,  however,  instead  of  these  end 
arteries  a  freely  anastomosing  vessel  should  be  occluded  no  symptoms 
would  be  noticed.  In  any  of  the  above  cases  infected  thrombi 
would  be  very  apt  to  result  in  abscess  formation,  and  the  symptoms 
of  infected  thrombi  are  so  diverse,  depending  on  the  part  of  the  body 
in  which  they  form,  that  the  student  must  apply  his  knowledge  of 
inflammation  to  individual  cases,  reasoning  from  cause  to  effect  for 
each  location. 

3.  Physiology. — Relative  ischaemia  of  any  tissue  or  organ  lessens 
its  power  for  work.  Absolute  ischaemia  renders  it  functionless  and 
entails  atrophy  and  degeneration.  These  very  general  statements 
must  be  applied  to  concrete  cases. 

6.  Embolus. 

1.  Pathology. — Emboli  may  result  from  a  loosened  or  degenerating 
thrombus,  rupture  of  a  small  cyst  or  abscess  into  heart,  an  artery  or 
vein,  detachment  of  a  vegetation  or  the  introduction  of  any  foreign 
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body  into  the  blood  stream.  The  foreign  body,  for  such  it  is  in  any 
case,  lodges  at  the  opening  of  an  artery  too  small  to  admit  of  its 
passage  and  stops  the  circulation. 

2.  Sjrmptomatology. — Wherever  the  embolus  may  lodge,  the 
primary  symptoms  are  sudden  and  result  from  complete  ischiemia 
of  the  part  supplied  by  the  artery.  If  collateral  circulation  can  be 
readily  established,  the  symptoms  soon  abate.  If  the  artery  is  an 
end  artery  with  no  large  anastomosing  branches,  the  tissue  it  formerly 
supplied  will  soon  die,  atrophy,  and  degenerate.  If  the  tissue  supplied 
should  be  heart  muscle  or  brain  tissue,  death  might  be  almost  instan- 
taneous.    Infected  emboli  mean  abscesses. 

3.  Physiology. — ^The  physiology  of  thrombosis  is  applicable  in 
this  disease. 


4.  ENDOCARDITIS  (CHRONIC):    VALVULAR  DISEASES. 

1.  Pathology. — Following  an  attack  of  acute  endocarditis  oi 
independent  of  any  known  acute  process,  chronic  proliferation  anc 
degeneration  of  endocardium  are  quite  common  and  various  morbic 
conditions  may  result.  There  may  be  nodular  thickening  of  one  oi 
more  valve  segments  with  a  loss  of  the  normal  translucency  of  th< 
membrane.  The  formation  of  fibrous  tissue,  evidenced  by  the 
nodules,  continues,  and  finally  so  distorts  the  valve  that  a  pun 
insuflBciency  or  insuflBciency  with  stenosis  results.  This,  with  th< 
attendant  dilatation  and  hypertrophy  may  safely  be  outlined  as  th< 
pathologic  picture  which  accompanies  acquired  valvular  disease. 

2.  Sjrmptomatology. — ^The  symptoms  are  seldom  at  all  markec 
until  loss  of  compensation  occurs;  then  the  symptoms  vary  with  th< 
character  of  the  lesions  and  valve  involved.  This  brings  up  for  con 
sideration  chronic  valvular  diseases,  and  these  will  be  presented  ii 
as  brief  a  form  as  possible  with  a  clear  understanding  of  the  fact  tha 
any  valvular  lesion  may  exist  for  years  and  produce  no  noticeable 
symptoms — this  is  due  to  the  ability  of  the  heart  muscle  to  adapt  itsel 
to  changing  conditions  by  hypertrophy.  Aside  from  the  condition  o 
the  affected  valve,  there  are  changes  in  the  heart  wall  and  othe 
valves  upon  which  depend  the  symptoms.  Tracing  back  against  th< 
blood  stream  from  the  affected  valve,  gradual  changes  will  be  observe< 
to  occur.  If  the  lesion  should  be  aortic  insufficiency,  great  dilatatioi 
and  hypertrophy  of  the  left  ventricle  would  follow,  then  mitra 
incompetence  would  be  very  likely  to  result  from  the  dilatation  anc 
hypertrophy  of  the  auricle  woulcl  ensue.  This  would  cause  insuffi 
ciency,  a  (hmiming  hack  or  an  impediment  to  the  pulmonary  cir 
culation,  and  progressive  involvement  of  right  ventricle  and  auricle 
and  in  the  extreme  case  venous  stasis.  This  outline  of  the  possible 
pathologic  changes  in  the  heart  walls  and  valves  shows  the  difficult; 
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which  would  beset  a  student  if  confronted  with  a  case  representing 
combined  lesions,  hence,  though  not  true  to  the  clinical  picture, 
each  common  valvular  lesion  will  be  considered  as  being  a  pure 
uncomplicated  process,  the  other  valves  being  considered  intact  and 
/(/nctionating  properly  unless  otherwise  stated. 

a.  Aortic  Disease.    I.  Insufficiency. 

I  -    Pathology. — ^There  may  be  sclerosis  and  deformity  of  the  aortic 

valv^o,  and  this  opening  becomes  larger  than  usual.    The  left  ventricle 

>'S  enormously  dilated  and  hypertrophied.    The  papillary  muscles  are 

greatly  flattened.    The  aorta  shows  an  arteriosclerotic  condition  and 

othor  changes  occur  as  other  chambers  are  involved. 

2.  Symptomatology. — In  the  stage  of  compensation  there  may 
1^^  headache,  flashes  of  light,  dizziness  and  faintness  on  arising 
H^iiolcly,  palpitation  and  distress  in  the  praecordium,  pulsating 
^rtcM-ies.  In  broken  compensation  the  symptoms  are  dyspncea, 
^lefl^tna^  and  possibly  venous  stasis 

^  3.  Physiology. — ^The  headache  and  flashes  of  light  are  due  to  the 

<Ustvirl)ed  flow  of  blood  through  the  cerebrum;  dizziness  and  fainting 

^^me  from  cerebral  anaemia.    The  enormous  size  of  the  left  ventricle, 

^^Used  by  regurgitation  of  the  blood  from  the  aorta  results  in  a  very 

strong,  noticeable  heart  contraction.    To  this  is  due  also  the  pre- 

^*<^rdial  distress  and  palpitation.    The  pulsating  arteries  are  explained 

*^y  partial  emptying  of  the  aorta  into  the  ventricle  during  the  diastole. 

Symptoms  of  broken  compensation  will  be  noted  elsewhere. 

Aortic  Disease,    n.  Stenosis. 

1.  Pathology. — ^The  pathology  of  aortic  stenosis  comprises  a  nar- 
^^dng  of  the  aortic  valve;  this  either  from  cohesion  of  the  segments, 
^Icification,  or  exhuberant  vegetation. 

2.  Sjrmptomatology  and  Physiology.^The  symptoms  alone  will 
in  no  case  justify  a  positive  diagnosis;  dizziness  and  vertigo  may  occur 
from  insufficient  circulation  in  the  brain,  and  signs  of  malnutrition 
may  be  present,  since  the  heart  may  not  be  able  to  force  an  adequate 
amount  of  blood  through  the  stenosed  orifice. 

In  both  the  above  lesions,  mitral  insufficiency  may  become  a 
complication,  when  the  symptoms  enumerated  below  must  also  Ix; 
con.sidered  possible. 

6.  Mitral  Disease.    I.  Insufficiency. 

1.  Pathology. — ^Thereis  usually  an  enlarged  orifice,  though  there 
may  be  some  stenosis;  the  valve  segments  may  be  shortened,  and 
calcification  may  l)e  very  marked  in  cases  complicating  hj^x^rtrophy 
and  dilatation  of  the  ventricle;  the  ring  may  l)e  dilated  so  the  st^gments 
do  not  come  into  apposition.    Dilatation  and  hypertrophy  of  both  left 
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ventricle  and  right  ventricle  occurs  in  all  cases,  and  hypertrophy  of 
the  right  ventricle  is  a  sequence. 

2.  Symptomatology. — In  the  stage  of  compensation  there  are  no 
symptoms  save  a  shortness  of  breath  on  exertion.     The  face  may 
appear  congested  and  other  signs  of  insufficient  circulation  ina^ 
appear.     In  time  the  compensation  is  broken  and  then  dyspnce; 
cyanosis,  cough,  venous  stasis,  and  general  dropsy  may  ensue. 

3.  Physiology. — ^l^he  dilatation  and  hypertrophy  of  the  left  caviti 
is  due  to  the  regurgitation  of  blood  from  the  ventricle  at  eac— -*- 
systole.  This  overdistends  the  auricle  and  in  addition  congests  th-^  - 
pulmonary  circulation.  The  embarrassment  of  the  pulmonar^^ 
circulation  is  responsible  for  shortness  of  breath  and  dyspnoea  anc"^^ 
the  cough  which  results  from  bronchial  congestion.  As  compensatioir^ 
fails  the  heart  is  unable  to  stimulate  the  venous  return  flow,  and  there^ 
may  be,  in  addition,  pulmonic  and  tricuspid  insufficiency,  which  add^ 
to  the  venous  stasis  and  lead  to  dropsy  or  effusion  of  serum  into  the  '^■ 
tissues. 

Mitral  Disease,    n.  Stenosis. 

1.  Pathology. — Adhesion  or  calcification  of  the  segments,  causing 
a  narrow  orifice. 

2.  Sjrmptomatology  and  Physiology.^There  are  no  symptoms 
until  compensation  is  broken;  shortness  of  breath  on  exertion  may 
exist,  and  a  tendency  to  bronchitis  may  be  marked.  These  are 
caused  by  pulmonary  congestion  due  to  increased  intra-auricular 
pressure.  When  compensation  fails,  the  pulmonic  and  tricuspid 
valves  generally  l)ec()me  incompetent  and,  as  outlined  above,  venous 
stasis,  dropsy,  etc.,  ensue. 

c.  Disease  of  Pulmonary  Valves. 

1.  Pathology. — The  morbid  processes  involving  the  pulmonary 
valve  segments  are  due  most  frequently  to  congenital  malformation, 
stenosis  lx*ing  almost  invariably  (hie  to  this  condition.  Insufficiency, 
which  lesion  only  will  l>e  considered  here,  frequently  results  from 
mitral  disease.  In  addition  to  the  insufficiency,  dilatation  and  hyper- 
trophy of  the  right  ventricle  exists. 

2.  Sjrmptomatology  and  Physiology.— The  dilatation  and  hyper- 
trophy of  the  ventricle  results  from  the  increase  in  amount  of  work 
it  must  jKTform  and  increase  in  the  fluid  it  must  contain. 

Other  symptoms  are  those  of  broken  comj)ensation  and  have  been 
discussed  elsewhere. 

d.  Tricuspid  Insufficiency. 

1.  Pathology. — There  maybe  traces  of  endocarditis,  but  usually 
the  insufficiency  results  from  lesions  of  other  valves;  both  right 
ventricle  and  auricle  are  dilated  and  hypertrophied. 
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2.  Sjrmptomatology  and  Physiology. — ^The  symptoms  are  those  of 
venous  obstruction  in  the  lesser  circulation  and  venous  stasis  in  the 
systemic  circulation,  and  these  symptoms  have  been  outlined  and 
explained  previously. 


5.  DILATATION  AND  HYPERTROPHY. 

In  all  the  diseases  previously  considered  and  in  arteriosclerosis 

ttiere  have  been,  in  effect,  conditions  which  called  for  an  expenditure 

of  heart  energy  greater  than  normal.      Either  adhesions  or  fibrous 

degeneration  interfere  with  the  normal  activities  of  the  heart  muscle. 

Valvular  diseases  and  chronic  arteritis   interfere  with  the  normal 

^^rrent  in  the  vascular  channels.     If  such  perversions  of  function 

Occur,  it  is  but  natural  to  infer  that  in  some  way  the  heart  muscle 

Oiust  adapt  itself  to  changed  conditions  or  the  tissues  would  suffer 

f  it)m  want  of  nutrition.    That  the  heart  muscle  does  adapt  itself  is 

shown  by  the  fact  that  some  of  the  most  serious  valvular  lesions 

e'xist  for  long  periods  of  time  with  no  accompanying  sjniptoms 

Viecause  the  tissues  are  fully  supplied  with  required  nutrition.    This 

fact  may  be  explained  theoretically  by  the  following  hypothesis: 

Every  organ  and  tissue  in  the  body  is  provided  with  a  reserve  power, 

that  is,  a  latent  ability  for  doing  work  which  in  health  is  not  drawn 

upon  except  in  case  of  some  sudden  strain.    Now,  in  any  lesion  of 

the  heart  or  vascular  channels  which  requires  more  than  the  normal 

expenditure  of  muscle  energy  by  the  heart,  this  reserve  is  drawn  upon, 

and  if  it  is  adequate  to  the  demands  made  upon  it  no  symptoms  of 

failing  circulation  can  be  detected.     If  the  increased  demand  on 

the  heart  occurs  gradually  and  nutrition  is  good,  there  is  built  up 

an  increased  reserve  power  by  hypertrophy  of  the  muscular  will  and 

probable  dilatation  of   the  cavities.     This  condition  may  persist 

many  years  and  the  functional  result  \ye  very  gratifying.     However, 

if  the  increased  demands  be  sudden,  or  if  nutrition  of  the  heart  wall 

be  impaired,  the  normal  reserve  power  is  soon  exhausted,  no  increased 

reserve  can  be  built  up,  and  dilatation  with  weakening  and  thinning 

of  the  heart  walls  ensues,  resulting  in  symptoms  of  insufficiency  or 

broken  compensation.     This  only  shows  how  serious  lesions  may 

exist. 

1.  Pathology. — ^The  morbid  conditions  may  exist  in  any  of  the 
cavities  or  walls  of  the  heart.  Irrespective  of  the  endocardial  and 
arterial  changes  which  are  considered  elsewhere,  we  find,  in  a  pure 
hypertrophy,  no  change  in  the  sizx?  of  the  cavity  or  cavities  of  the 
heart,  but  a  great  increase  in  size  and  numl)er  of  the  muscle  fibres. 
In  dilatation  with  hypertrophy,  the  cavities  are  enlarged  and  the 
walls  thickened.  In  dilatation  with  thinning,  the  cavities  are  enlarged 
and  the  walls  thin. 
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2.  Ssanptomatology . — In  hypertrophy  the  symptoms  are  increased 
and  forcible  cardiac  action,  headache,  epistaxis,  facial  congestion,  and 
pulsating  carotids. 

In  dilatation  there  is  a  weak,  rapid  pulse,  dyspnoea,  and  symptoms 
of  sluggish,  obstructed  venous  circulation,  as  venous  stasis,  cyanosis, 
and  even  dropsy. 

3.  Physiology. — ^The  increased  and  forcible  heart  action  is  due  to 
the  increased  muscular  power  in  the  heart  walls.    The  other  symj>- 
toms  are  the  sequelae  of  the  accompanying  dilatation,  since  thi^ 
increases  the  amount  of  blood  thrown  into  the  arteries  by  the  powerfi^^ 
systolic  contraction  of  the  very  strong  walls  of  an  enlarged  cavity. 

In  incompensated  dilatation  the  symptoms  are  explained  upon  th  ^^ 
ground — viz.,  a  weak  heart  must  work  rapidly  to  do  its  work  at  a^^ 
well.    If  the  cavity  or  cavities  affected  cannot  empty  completely  an  -^ 
a   constantly   increasing   residue    accumulates,    this    causes   acut-^ 
dilatation,  and  if  it  is  not  relieved  may  result  in  complete  failure  o^^ 
compensation,  venous  stasis,  dropsy,  etc. 

Venous  stasis  results  from  failure  of  the  heart  to  exert  enouglr^ 
positive  pressure  to  return  the  blood  to  the  heart.  Dyspnoea  i^= 
caused  by  improper  aeration  of  the  blood  in  the  congested  lungs.  ^ 
Dropsy  is  the  result  of  serous  infiltration  of  the  tissues. 


6.  ARTERITIS. 

a.  Acute. 

Acute  arteritis  is  an  inflammation  involving  the  coats  of  an  artery. 

1.  Pathology. — Infiltration  of  the  arterial  coats  with  white  blood 
cells  and  other  exudative  products,  and,  if  nutrition  is  impaired, 
necrosis.  The  endothelium  loses  its  normal  lustre,  becomes  roughened, 
and  thrombus  formation  is  very  probable. 

2.  Symptomatology. — ^There  are  no  symptoms  unless  the  thrombus 
occludes  the  lumen  of  the  vessel,  or  is  detached  and  carried  as  an 
embolus  to  some  distant  organ.  The  symptoms  of  such  conditions 
have  already  been  discussed  and  will  not  be  repeated  here. 

h.  Chronic. 

While  there  are  several  forms  of  chronic  arteritis,  the  following 
resume  is  intended  to  convey  a  general  impression  of  the  condition 
known  as  arteriosclerosis. 

1 .  Pathology. — Macroscopically  the  large  vessels  show  yellow  or 
whitish  elevated  patches  which  may  soften  or  undergo  atheromatous 
changes.  The  arterial  walls' are  firm  and  unyielding  and  hard  to 
compress.  Microscopically,  there  may  l>e  infiltration  and  degen- 
eration of  the  outer  coats,  and  at  these  points  the  subendothelial 
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tissue  begins  a  proliferating  process  to  strengthen  the  otherwise  weak- 
ened wall.  It  may  degenerate  or  even  break  down  or  become  calcified. 
The  muscle  fibres  may  be  partially  or  completely  degenerated. 

2.  Symptomatology. — Like  most  of  the  diseases  of  the  circulatory 
system,  while  the  heart  is  capable  of  responding  to  the  increased 
amount  of  work  required  to  pump  blood  through  hard,  unyielding 
arteries,  arteriosclerosis  is  not  productive  of  symptoms.  When  the 
heart  dilates  because  of  increased  work,  we  have  the  symptoms  of 
crardiae  insuflSciency  which  are  outlined  with  dilatation. 

In  addition,  there  may  be  sudden  death  and  gangrene  of  certain 
parts  of  the  body. 

3.  Physiology. — Sudden  death  results  from  obliteration  of  the 
lumen  of  a  coronary  artery,  either  by  an  obliterating  endarteritis,  a 
thrombus,  or  an  embolus.  Gangrene  of  a  limb  is  due  to  one  of  the 
same  processes  in  an  artery  supplying  it. 


7.  ANEURYSM. 

Aneurysm  is  an  enlargement  along  the  course  of  a*  bloodvessel/ 
oaused  by  weakness  or  rupture  of  some  of  its  coats.  It  is  a  frequent 
sequel  of  arteriosclerosis. 

1.  Pathology. — Dilatation  of  the  lumen  of  the  vessel,  including  all 
the  coats;  rupture  of  intima  and  distention  of  the  other  coats;  rupture 
of  media  and  sacculation  of  intima  and  adventitia  through  the  rupture. 

2.  Ssrmptomatology  and  Physiology. — The  only  symptoms  are 
those  due  to  pressure,  and  the  location  and  size  of  the  aneurysm  deter- 
mine what  these  symptoms  shall  be.  For  example,  if  the  transverse 
arch  is  affected,  cough  and  dysphagia  may  be  caused  by  pressure  on 
the  trachea  and  oesophagus,  the  left  recurrent  laryngeal  nerve  may  be 
so  compressed  as  to  cause  paralysis  of  the  left  vocal  cord,  and  pressure 
on  the  sympathetic  ganglia  may  cause  disturbances  of  the  pupil.  Ero- 
sion of  the  sternum  or  vertebrae  may  cause  a  continual  gnawing  ache, 
and  so  on.  Within  the  scope  of  this  work,  it  is  impossible  to  take  up 
more  fully  the  different  locations  where  aneurysms  may  occur,  and 
the  consequent  symptoms,  but  a  review  of  the  organs  and  tissues 
which  might  be  subjected  to  pressure  by  an  aneurysm  anywhere 
along  the  course  of  the  large  vessels  will  bring  to  mind,  in  a  general 
way,  the  possible  symptoms  which  would  result  from  such  pressure. 

8.  PHLEBITIS. 

a.  Acute. 

1.  Pathology. — Generally  a  pure  phlebitis  or  inflammation  around 
the  vein  extends  into  the  vein  wall  and  causes  exudate  of  white  and 
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red  blood  cells  and  fibrin  into  the  different  coats.  If  the  intima 
affected,  the  endothelium  becomes  roughened,  and  upon  the  roiij 
surfaces  thrombi  are  very  apt  to  form.  Sometimes  the  process  begi 
with  the  endothelium  and  involves  the  coats  from  within  outward. 
2.  Ssrmptomatology  and  Physiology.— There  may  be  no  sym 
toms  aside  from  those  of  inflammatory  reaction,  but  if  the  process 
extensive  and  accompanied  by  thrombosis,  there  may  be  gangrene 
the  area  from  which  blood  is  conveyed  by  the  vein  involved.  If  t 
thrombus  is  loosened  or  disintegrates,  emboli  in  other  parts  of  t 
body  will  occur. 

6.  Chronic. 

1.  Pathology  comprises  a  thickening  of  the  outer,  inner,  or  all  t 
coats  of  the  vein  wall.    Syphilitic  phlebitis  may  cause  gummato 
or  diffuse  thickenings.     Tuberculous  phlebitis  is  characterized 
tubercle  formation  in  the  vein  wall. 

2.  Ssrmptomatology  and  Physiology  are  not  marked  unk 
thrombosis,  embolus,  or  extensive  occlusion  occurs,  where  symptoi 
are  much  as  in  acute  type,  but  not  so  alarming.    If  the  emboli  a 

tuberculous,  acute  miliary  tuberculosis  results;  characteristic  milia 
tubercles  forming  wherever  the  bacilli  are  deposited  by  the  blo< 
stream. 
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-ASTHMA. 

RESPIRATION. 

INTRODUCTION. 

RESPIRATION  DEFINED  AND  CLASSIFIED. 

l*^ii()M  our  studies  in  general  physiology  we  know  that  that  peeuhar 
JJ^^Tn  of  energy  which  we  call  life  exists  only  in  association  with 
■^viii^  cells  or  with  living  organisms,  that  it  is  lilKTated  only  through 
^   katalM)lism  or  destnictive  metal)olisni  of  living  cell  protoplasm, 
*^^<1  that  this  katalM)lism  is  possible  in  the  presence  of  oxygen.    The 
''^Hjuent   ust*  of  such  expressions  as  *'the  spark  of  life,**  '*the  flame 
^*/  ///r,"  etc.,  indicates  the  analogy  U'tween  the  lilnTation  of  life 
^^ergj'  and  the  lilxration  of  the  heat  and  light  energy  of  fuel.     It 
^*as  once  thought  that  these  two  pn)ct\ssc»s  were  (|uite  alike — each 
*^ing  a  combustion  or  direct  oxidation.    The  oxygt*n  of  the  atmosphen* 
^inites  directly  with  the  carbon  and  hydrog(»n  of  the  candle,  of  woo<l, 
^f  coal,  or  of  illuminating  gas  to  form  COj  and  II^C^ — the  proc<*ss 
t)eing  attended  with  the  lil)eration  of  energy;  now  the  oxygtMi  of  the 
iitmosphere  forms  combinations  in   the  tissues  and   the  combina- 
tions finally  result  in  the  formation  of  COj,  1I2(),  and  CONjH^ — the 
pn)cess  l)eing  attended  with  the  lilxTation  of  life  energy.    These  two 
pRx-csses  which  seem  so  much  alike  are  essc»ntially  different  in  a 
very  important  point.    In  the  combustion  of  the  hydrocarlnjus  of  the 
candle  the  affinity  of  oxygen  for  the  carlx)n  and  hydrogt»n  is  so  great 
that  if  once  started  the  combustion  proceeds  by  the  inviusion  of  the 
molecules  by  the  oxygen,  which  bn»aks  the  Ujud  In'twecn  carlK)n  and 
hy(ln)gen  and  joins  with  each. 
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In  the  katabolism  of  the  living  protoplasm  of  the  cell,  the  exceed- 
ingly complex  protoplasmic  molecule  separates  into  two,  perhaps 
more,  simpler  molecules;  these  simple  molecules,  which  probahl^ 
represent  proteids,  may  again  separate  into  still  simpler  ones.  Eacl 
change  from  a  complex  to  a  more  simple  compound  leads  (i)  to  t 
liberation  of  energy,  which  may  manifest  itself  in  any  of  the  activitie 
of  life,  and  (ii)  to  a  combination  of  simpler  molecules  with  oxygei 
furnished  by  the  cell  sap  or  cell  plasma.  In  the  latter  case,  then 
the  oxygen  steps  in  to  complete  a  molecule  already  nascent,  whil 
in  the  former  case  it  is  the  cause  of  dissolution.  To  sum  up  th- 
comparison :  Oxygen  is  the  cause  of  combustion,  but  the  com'plemem 
of  katabolism.  This  general  process  of  suppljring  the  cells  of  a  livinf^ 
organism  with  the  recjuisite  oxygen  is  called  Respiration, 

1.  Definition. — ^Respiration  is  a  general  term  which  includes  al' 
of  those  activities  involved  in  the  furnishing  of  oxygen  to  the  tissues 
of  a  living  organism. 

2.  Classification. — ^^riie  essential  act  of  respiration  is  the  taking 
up  of  oxygen  by  the  living  cell  from  the  tissue  plasma.  In  the  large 
animals  a  more  or  less  complex  series  of  preliminary  acts  are  necessary 
in  order  to  furnish  the  tissue  plasma  with  oxygen,  and  of  this  series 
of  acts  the  interchange  of  gases  between  the  blood  and  the  medium 
surrounding  the  animal  is  the  most  prominent.  This  has  led  to  the 
following  classification:  (i)  Internal  respiration,  or  cell  respiration. 
(ii)  External  respiration,  or  somatic  respiration. 


A,  COMPARATIVE  PHTSIOLOGT  OF  RESPIRATION. 

a.  Respiration  by  Individuals  of  the  I,  n,  and  m  Order. 

It  has  just  Ix^en  stated  that  the  oxygon  required  in  the  cell  at  the 
moment  of  katabolism  is  furnished  by  the  cell  sap  or  cell  plasma 
in  which  it  is  held  in  simple  solution.  If  the  cell  is  an  independent 
organism — c.  g.,  an  auKieba,  the  oxygen  of  the  cell  plasma  is  imme- 
diately replenished  from  the  water  which  surrounds  the  amoeba. 
This  is  respiration  in  its  simplest  form.  If  the  organism  be  an 
individual  of  the  ii  or  iii  order  the  process  is  essentially  the  same. 

b.  Respiration  in  Individuals  of  the  IV  Order. 

1.  Cutaneous  Respiration.— The  common  earthworm  or  angle- 
worm luus  well-<leveloped,  (h'gestive,  circulatory,  nervous,  repro- 
ductive and  motor  systems,  but  has  no  definite  respiratory  system. 
It  has  been  found  that  the  rich  cutaneous  capillary  plexuses  furnish 
to  the  blood  an  ample  supply  of  oxygen,  which  finds  its  way  easilj 
through  the  delicate  cuticle,  attracted  by  the  low  oxygen  pressure  ir 
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the  cutaneous  capillaries.  In  the  amphibia  the  moist  skin  facilitates 
the  diffusion  of  oxygen,  and  in  this  class  of  vertebrates  cutaneous 
respiration  is  important,  though  always  secondary  to  respiration  by 
gills  or  lungs.  A  frog  can  live  some  time  after  the  lungs  have  been 
removed. 

2.  Eespiration  by  Gills. — Many  invertebrates — e,  gr.,  moUusca  and 

aquatic  arthropoda  and  all  lower  vertebrates,  including  tunicates, 

Knteropneusta,  Amphioxus — and  all  fishes  breathe  by  means  of  gills. 

A  ^^U  is  an  organ'  presenting  numerous  filamentous  branches,  whose 

cJelicrate  covering  membrane  affords  slight  resistance  to  the  diffusion 

of     oxygen   into  the  blood  from  the  water  with  which  the  gill  is 

l>atHed. 

3.  Eespiration  by  Lungs. — Most  amphibians  and  all  reptiles,  birds, 
a-iid  mammals  breathe  atmospheric  air  into  sac-like  organs  called 
lurtgs.  The  environment  and  habits  of  these  animals  necessitate 
th^  protection  of  the  lungs  within  the  body  cavity.  Here  the  blood 
^'^  t:lie  capillaries  is  distributed  over  the  surface  of  the  minute  air  cells 
^J^cl  the  air,  which  has  been  warmed  and  freed  from  dust  in  its 
P^-ssage  through  the  air  channels,  exchanges  its  oxygen  easily  through 
th^  thin,  moist  membranes  of  the  air  sac  for  the  excess  of  CO2  in  the 
Wood. 

B.  ANATOMIC  INTRODnCTION. 

'l^he  itkeletal  features  particularly  important   in   considering  the 

pl^Vsiology  of  respiration  are  summarized  l>elow  under  physiology 

*^^    respiration  because  it  contains  matter  not  introduced  into  the 

Anatomies,  and  intimately  and  indissolubly  associated  with  the  physi- 

*^^ogy  of  the  mechanics  of  respiration. 

For  the  same  reasons  the  miLScles  of  respiration  are  eiuiinerati»d 
^nd  classified  under  the  mechanics  of  respiration. 

ITie  following  additional  facts  of  gross  anatomy  should  be  noted ; 

(a)  The  Nasal  Respiratory  Passages  are  tortuous,  in-egular  in  lumen, 
linwl  ^nth  a  mucous  membrane  always  well  moistened  with  mucus, 
and  pn)vide<l,  near  the  extenial  opening,  with  numen)us  rather  stiff 
hairs,  llie  effect  of  this  structure  is  to  wann  and  free  of  dust  the 
inspired  air. 

(6)  The  Respiratoy  Tract  Grosses  the  alimentary  tract  in  the  pharynx, 
a  cavity  common  to  both  tracts.  The  respiratory  passage  is  pro- 
tected during  the  act  of  swallowing:  (i)  i)osteriorly  by  the  epiglottis 
an<l  the  adduction  of  the  vocal  cords  (for  details  see  deglutition); 
(11)  anteriorly  by  the  elevation  of  the  soft  palate,  and  the  elevation 
of  the  uvula.    (See  deglutition.) 

(c)  The  Trachea  and  Bronchi  are  Strengthened  and  held  o|H^n  by 
heavy  rings  of  cartilage.  Thus  protected  the  air  passagt\s  remain 
open  even  when  subjected  to  considerable  pressure. 


214 


SPECIAL  PHYSIOLOGY 


(d)  Th6  Truheft  and  Bronchi  tn  Lined  with  a  ciliated  coluniiUT 
epithelium,  which   is   kept   moistened  with  mucus  secreted  by  the      ' 
mucous  glands  of  the  submucosa  as  well  as  by  goblet  cells.    The 
ciliary  motion   carries   all   secretions  as  well   as  particles  of  dust 
which  pass  the  barriers  in  the  nasal  passages,  upward  toward  the 
larynx  from  the  deeper  passages  of  the  lungs.    (See  Figs.  114  and  llo.") 

(e)  Tb«  Trachea  Branches  into  two  large  bronchi,  of  whicb 
the  left  subdivides  into  two  and  the  right  info  three  sulxlivisior*.^* 
The  five  branches  subdi\'ide  dichotomously,  until  every  lobule  «3 
the  lung  is  supplied  with  a  fine  terminal  bronchus  wliich  ends     ~>- 


dehcato  Naccatc  air  spaces  iir  alveoli.  '"Ilie  part  of  the  pulmonary' 
parencliyma  in  coinininiicatioii  witli  a  single  terminal  bronchiole 
foiins  a  pyraniidid  mass,  whose  apex  corresponds  to  the  terminal 
bronchus  and  whose  ba-se,  when  reaching  the  free  surface  of  the 
lung,  appears  as  one  of  the  |)olygonal  areas  marking  the  exterior 
of  the  lung."     (Picrsol.) 

Tills  pyramidal  niiiss  is  called  a  lahiilc.  Within  the  lobule  the 
terminal  lironchii.s  suhdirldfn  into  tim  or  three  alveolar  dvcts,  beset 
with  air  sacs,  and  tlie  ahvular  diift--<,  without  subdivision,  open 
into  nr  widen  mil  inlo  "hiind,"  Irrrtjular.  or  jn/ramidal  spaces — the 
infundibiila.    The  iiifunilibulum  is  beset  on  (dl  sides  with  air  sacs 
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which  open  into  the  infiindibulum,  but  do  not  communicate  with 
each  other. 

(/)  The  Impure  Blood,  brought  from  the  right  heart  by  ih 
pulnumary  artery,  is  distributed  to  the  lung  tissue  through  branches 
which  follow  the  subdivisions  of  the  bronchi,  finally  reaching  the 
lobule  as  an  arteriole  which  subdivides  into  a  network  of  fine  capil- 
laries lying  in  the  walls  of  the  alveoli  or  air  sacs.  The  venous  blood 
is  thus  brought  into  intimate  relation  with  the  atmospheric  air  which 
enters  the  alveoli.  Fig.  IIG  shows  the  capillary  network  which 
surrounds  the  alveoli. 


C.  PHYSICAL  INTRODUCTION. 

The  Solution  of  Oases  in  Liquids. 

If  one  were  to  place  a  litre  of  hydrant  water  under  the  i-eceiver 
of  an  air  pump,  he  would  find  that  the  water  subjected  to  a  vacuum 
would  give  off  gas  vigorously,  the  quantity  depending  upon  the 
conditions  which  had  existed  before  the  experiment.     An  analysis 
of  this  gas  would  show  it  to  be  nitrogen,  oxygen,  and  carbon  dioxide, 
or  tlie  same  gases  to  which  the  water  had  been  exposed  in  its  contact 
with  the  air.    If  we  expose  HjO  to  an  atmosphere  of  HCl  gas  it  will 
rapidly  absorb  large  quantities,  fonning  the  common  hydrochloric 
acid.     So  it  l)ecomes  evident  that  water  may  hold   considerable 
quantities  of  gases  in  solution.    Just  how  much  gas  any  liquid  will 
absorb  depends  upon  the  nature  of  the  gas  and  the  nature  of  the 
liquid;  hut  the  amount  of  any  particular  gas  which  a  particular 
li(|uid  will  absorb  varies  with  the  pressure  of  the  gas  in  the  atmosphere 
to  which  the  liquid  is  subjected.     For  example,  if  the  amount  of 
oxygen  in  the  air  were  doubled,  water  would  absorb  twice  as  much; 
but  if  it  were  reduced  to  one-half  or  one-third  of  its  present  pro- 
I)ortion,  water  w^ould  absorb  proportionately  less.     Any  change  in 
the  proportion  in  the  air  is  cjuickly  responded  to  by  a  readjustment 
of  th(»  proportion  in  the  water  through  simple  diffusion,  to  again 
reach  an  e(j[uilibrium. 

The  following  laws  have  bee^n  fornuilated  by  McGregor  Rolx?rtson 
{Physiological  Physics ,  p.  291): 

(i)  TiiK  Gases  Most  Rkadily  Liqvefied  are  Those  which 
AKE  AnsoKHED  IN  THE  GREATEST  Amoitnt.— CO,,  NHj,  and  HCl 
are  at  once  most  easily  liquefied  and  absorbed.  Oxygen,  nitrogen, 
and  hydrogen  are  liquefied  with  difficulty  and  are  feebly  absorbed. 

(ii)  DiFFEHEXT  Liquids  Ansoiin  Different  Quantities  of  the 
Same  Gas. — ^The  cocfjicienf  of  ahsorpiion  (a)  or  the  solubility  of  a 
gas  is  the  volume  of  gas  absorbed  by  a  unit  volume  of  tlie  liquid  at 
0°  C\  and  7G0  mm.    Note  that  (a)  is  detennined  for  constant  temper- 
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iture  and  'pressure.  ITie  coefficient  of  absorption  of  O,  CO,,  and  N 
n  water  is  0.05,  1.8,  and  0.0235,  respectively. 

(ill)  The  Amount  of  Gas  Absorbed  by  the  Same  Liquid  Varies 
viTH  THE  Temperature. — ^The  higher  the  temperature  the  smaller 
he  amount  of  gas  which  may  be  held  in  solution,  and  conversely, 
leating  a  liquid  drives  off  much  of  the  dissolved  gas.  One  volume 
»f  HjO  at  15°  C.  and  760  mm.  pressure  absorbs,  of  oxygen,  0.034; 
>f  carbon  dioxide,  1.002;  of  nitrogen,  0.017  volumes. 

(iv)  The  Amount  of  Gas  Absorbed  by  the  Same  Liquid  Varies 
.VITH  THE  Pressure. — ^The  higher  the  pressure  of  the  gas  above 
;he  liquid  the  greater  the  amount  which  will  be  dissolved  by  the 
iquid.  If  the  pressure  be  relieved,  as  in  the  opening  of  a  bottle 
)f  "soda-water,"  the  gas  (CO,)  escapes  rapidly  with  effervescence. 

3ne  volume  of  H^O  at  0^  C.  and — '  pressure  will  absorb  of 

0.0489        „„„., 
jxygcn       „  -    =  0.0245. 

(v)  The  Absorptive  Power  of  a  Liquid  for  a  Particular 
Cjas  is  Independent  of  Other  Gases  which  it  May  Already 
Hold  in  Solution. — Thus  a  liquid  in  contact  with  a  mixture  of 
leases  absorbs  a  quantity  of  each  gas,  just  as  if  it  were  the  only  one 
present,  the  amount  being  determined  by  the  coefficient  of  absorption 
ind  the  pressure  of  the  gas  in  the  mixture,  or  the  Partial  Pressure. 

(vi)  Each  Gas  Forming  a  Part  of  a  Mechanical  Mixture 
RxERTS  A  Partial  Pressure  Proportional  to  its  Part  of  thp: 
Mixture. — ^Taking  the  proportions  of  the  gases  in  the  atmosphere, 
Dne  concludes  that  as  oxygen  represents  20.96  per  cent,  (say  21  per 
cent.)  of  the  mechanical  mixture,  its  partial  pressure  would  be  21 
per  cent,  of  the  whole  pressure — i,  e.,  21  per  cent,  of  7G0  mm.  mercury 
or  atmospheric  pressure.  Partial  pressure  for  oxygen  in  pure  air  is 
0.21  X  7G0  =  158  mm.  mercury.  Partial  pressure  for  CO,  in  pure 
air  is  0.0004  X  760  =  0.3  mm.  mercury.  It  is  estimated  that  in 
the  alveoli  of  the  lungs  the  partial  pressure  for  oxygen  is  122  mm.; 
for  CO,,  38  mm. 

The  absorption  of  oxygen  at  37.5°  C.  and  partial  pressure  of  the 

alveoli,  or  16  per  cent,  of  760  mm.  a  =  0.026  X  ^  =  0.004  + , 

i.  e,,  blood  plasma  at  body  temperature  woidd  absorb  from  the  alveoli 

if  the  lungs  4  c.c.  oxygen  for  every  litre  of  plasma.    If  absorption  of 

jxygen  were  to  depend  solely  upon  its  physical  rt»lation  to  plasma 

Ihis  would  be  practically  the  limit  of  absorption. 

The  absorption  of  CO^  at  37.5°  C.  the  partial  prtvssurt*  of  CO, 

5 
n   the   alveoli    being   5   per   cent,  of   760  mm.  a  =  0.560  X     ' 

=  0.028  + ,  i.  e.,  if   in   the   alveoli  of   the  lungs   the   atmosphere 
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contains  5  per  cent,  of  CO2,  100  volumes  of  plasma  would  absorb  2.8 
volumes  of  CO2;  or,  in  other  words,  CO,  can,  according  to  this 
course  of  reasoning,  be  diffused  from  the  blood  into  the  air  passages 
only  when  the  amount  in  the  plasma  exceeds  2.8  c.c.  per  100  c.^. 
plasma.  Furthermore,  that  this  proportion  would  represent  approx- 
imately the  proportion  of  CO,  in  arterial  blood,  as  far  as  it  could 
exist  under  physical  laws. 


THE    PHYSIOLOGY   OF  RESPIKATION. 

.1.  THE  MECHANICAL  AND  PHYSICAL  FEATUBES  OF 

RESPIRATION. 

1.  THE  STRUCTURAL  FEATURES. 

If  the  constituents  of  the  atmosphere  were  compelled  to  make 
their  way  through  the  respiratory  passages  by  simple  diffusion,  the 
amount  of  oxygen  received  into  the  blood  would  at  best  permit  ft 
most  sluggish  katalx)lism.  It  may  have  l>een  observed  that  the 
]rog  uses  the  floor  of  the  mouth  as  a  sort  of  bellows  to  pump  air 
into  the  lungs,  while  an  occasional  spasmodic  contraction  of  the 
l)0(ly  wall  forces  tlu»  air  out.  In  birds  the  elastic  bony  thorax  is 
compressed  by  muscles  of  the  body  walls;  this  action  forces  the 
air  out  of  the  lungs.  Relaxation  of  the  abdominal  muscles  allows 
the  thorax  to  regain  its  original  volume  and  air  rushes  in  to  fill 
the  lungs.  In  mumviuls  the  condition  is  quite  opposite,  the  inspira- 
tion representing  the  muscle  contraction  and  the  expiration  repre- 
senting relaxation. 

The  anatomic  characters  of  the  mammalian  thoracic  skeleton, 
which  are  of  especial  importance  physiologically,  are:  (i)  Tlie 
mobility  of  the  jx)stcrior  greater  than  that  of  the  anterior  part  of  the 
thoracic  skeleton.  (11)  Thv  posterior  slant  of  the  ribs,  (ill)  ITie 
double  vertebral  attachment  of  the  ribs,  making  an  axis  of  rotation 
which  does  not  coincide  with  the  axis  determined  by  the  simple 
raising  and  lowering  of  the  ends  of  the  ribs,  (iv)  The  noticeable 
angle  which  the  fourth,  fifth  and  sixth  ribs  make  with  their  cartilages. 
(v)  More  inijx)rtant  than  any  skeletal  character  is  the  fact  that  the 
thoracic  cavity  is  separated  from  the  alnlominal  cavity  by  a  muscular 
jmrtition  which  is  very  convex  upward  or  anteriorly.  \Vhen  the 
radial  muscle  fibres  of  this  diaphragm  contract  the  arch  is  flattened, 
the  contents  of  the  abdomen  pressed  farther  downward,  the  capacity 
of  the  thorax  suddenly  increased:  but  any  increase  in  the  capacity 
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of  the  thorax  must  lead  to  a  rarefaction  of  the  air,  or  to  negative 
pressure.  This  tendency  to  the  production  of  negative  pressure  is 
speedily  satisfied  by  the  influx  of  air  through  the  respiratory  passages 
filling  the  lungs,  which  in  turn  fill  the  increased  space  of  the  thorax. 
Through  the  action  of  the  diaphragm,  then,  tlie  anteroposterior 
dimension  of  the  thorax  is  increased. 

a.  The  Changes  of  the  Thoracic  Diameters. 

(a)  The  Anteroposterior  Diameter  is  actively  increased  by  the 
contraction  of  the  diaphragm  and  passively  decreased  by  the 
relaxation  of  the  diaphragm.  It  may  be  actively  decreased  by  a 
contraction  of  the  abdominal  muscles,  which  forces  the  contents  of 
the  abdomen  up  against  the  diaphragm,  distending  its  arch,  thus 
further  encroaching  upon  the  thoracic  cavity  and  forcing  air  out  of 
the  lungs. 

(6)  The  Dorsoventral  Diameter  is  increased  by  the  contrac- 
tion of  the  external  intercostal  muscles.  The  mechanism  of  the 
movement  is  as  follows:  (i)  ribs  more  and  more  mobile  from 
before  backward;  (ii)  ribs  slant  posteriorly;  (in)  external  intercostals, 
hanng  their  origin  on  the  posterior  margin  of  a  rib,  pass  ventrally 
and  posteriorly  to  l)e  inserted  upon  the  anterior  margin  of  the  next 
succeeding  rib.  With  all  of  these  {)eculiarities  of  structure  a  con- 
traction of  the  external  intercostals  must  result  in  an  elevation  of  the 
ends  of  the  ribs  and  a  carrying  of  the  sternum  farther  away  from 
the  vertebral  column.  Still  another  factor  in  this  is  the  opening  of 
the  angle  l>etween  the  fourth,  fifth,  and  sixth  costal  cartilages  and 
their  ribs.  The  dorsoventral  dimension  is  decrt»ascd  by  the  elasticity 
of  the  thorax,  which  causes  it  to  return  to  its  former  size  on  relaxation 
of  the  external  intercostals.  ^ 

(c)  The  Lateral  Diameter. — By  virtue  of  the  double  vertebral 
attachment  of  the  ribs,  mentioned  above,  the  action  of  the  external 
intercostals  is  not  only  to  carry  the  end  of  a  rib  failher  from  the 
vertebral  column  as  its  general  line  approaches  a  position  perpen- 
dicular to  the  spine,  but  also  to  carry  the  mi(hl!c  of  the  rib  farther 
from  the  me<lian  line  of  the  thorax  as  the  plane,  which  its  curve 
(letennines,  approaches  the  perpi*ndicular  to  that  tine.  It  might  at 
first  be  supposed  that  a  contraction  of  the  diaphragm  would  pull  in 
the  walls  of  the  thorax,  thus  decreasing  the  lateral  dimensions;  but 
Briicke  showed  conclusively  that  though  it  undoubtedly  exerts  a 
strong  tension  on  the  thoracic  wall  the  high-domed  mass  of  alxlomi- 
nal  viscera,  upon  which  the  force  of  the  diaphragm  is  directly  exerted, 
is  pressed  downward  and  outward  against  the  uppt»r  alxlominal 
walls  and  so  neutralizes  the  tendency  in  the  opposite  direction. 
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b.  The  Muscles  of  Eespiration. 

1.  Muscles   of  Quiet   Respiration,     (a)   Inspiration.— (i)  The 

diuphragm;  (ii)  the  M.  levatores  costarum  longus  et  brevis;  (iii)  Mm. 
iniercostales  extemi  et  intercartilaginei. 

(b)  Expiration. — Ordinary  quiet  expiration  is  non-^musctdar,  de- 
pending upon  the  weight  and  elasticity  of  the  tissues.  Inspiration 
throws  the  tissues  out  of  the  position  of  rest  and  they  fall  or  sink 
back  to  that  position  during  expiration. 

2.  Muscles  of  Forced  Respiration,  (a)  Inspiration.— Besides 
those  of  quiet  respiration  the  following:  (a)  Upper  ribs  raised  by: 
(i)  the  three  M.  scaleni;  (ii)  M.  serratus  post,  superioris;  (m)  M- 
cervicalis  ascendens.  (/J)  Sternum  is  raised  by:  (iv)  Musculus  stemo- 
cleidomastoideus;  (v)  M.  sternohyoideus;  (vi)  M.  stemothyroideus; 
(vii)  M.  thyrohyoideus.  (;-)  The  hyoid  bone  is  raised  by:  (vin)  M- 
mylohyoideus;  (ix)  M.  stylohyoideus;  (x)  M.  geniohyoideus;  (xi) 
M.  digastricus.  (8)  The  shoulder  girdle  is  raised  and  drawn  backward 
by:  (xii)  M.  trapezius;  (xiii)  Mm.  rhomboidei,  major,  et  minor;  (xiv) 
M.  levatores  anguli  scapuli.  (s)  Lower  ribs  drawn  toward  the  raised 
and  fixed  upper  ribs  by:  (xv)  Pectoralis  major  et  minor;  (xvi)  sub- 
clavius;  (xvii)  serratus  magnus. 

(6)  Expiration. — (a)  Abdominal  contents  compressed  and  forced 
against  diaphragm  by:  (i)  M.  obliciuus  extenius;  (ii)  M.  obliquus 
internus;  (in)  M.  transversus  abdominis;  (iv)  M.  rectus  abdommis; 
(v)  M.  levator  ani.  (/})  Ribs  are  depressed  by:  (vi)  Intercostales  intemi; 
(vii)  M.  rectus  alKloniinis;  (viii)  M.  quadratus  lumborum;  (ix)  M. 
serratus  posticus  inferior;  (x)  M,  triangularis  sterni. 


2.  OBSERVATION  OF  CHANGES  IN  THE  DIAMETER  OF  THE 

THORAX. 

'Vhv  obiterrations  of  the  dorsoventral  and  the  lateral  diam4ier  an* 
usually  taken  in  the  j)lane  of  the  nipples  or  in  the  plane  of  the  junction 
of  the  ninth  rib  with  its  costal  cartilage.  These  thoracic  planes  must 
Ik»  taken  {K*rp<Midicular  to  the  axis  of  the  thorax. 

1.  The  Calipers. — Thin  instrument  is  a  most  reliable  apparatus 
for  dctennining  the  diameter.  As  usually  c*onstructed,  a  graduateil 
arc  near  the  hingt*  of  the  instrument  enables  one  to  read  off  at  once 
the  numlK»r  of  centimetn^s  between  the  {)oints  of  the  two  limbs  of 
the  instrument.  One  may  measure  the  dorsoventral  or  the  lateral 
diameter  of  the  thorax  when  the  thorax  is  in  repose,  or  at  the  end  of 
forced  inspiration  or  of  forcinl  expiration.  Such  observations  give 
not  only  the  actual  diameters,  but  the  amount  of  expansion  of  the 
chest  during  the  r(\spiratory  movements. 
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2.  The  Stethograph. — ^The  accompanying  figure  (Fig.  117)  shows 
convenient  form  of  this  instrument.     As  the  name  suggests,  the 


Fig.  117 


he  hnman  ■tethof^raph  :  SI,  ntand  with  heavy  base,  supportiMg  a  thoracic  frame,  coustroctcd 
Faa-plpeR  and  damps ;  a  and  a',  huri«)ntal  parallel  arms,  to  be  adjusted  on  cither  side  of  the 
rax  ;  a\  to  toach  the  thoracic  wall ;  JB  T,  receiving  tambour,  constnictcd  as  described  in  the 
lendlx  :  the  movements  of  the  cork  e,  which  touches  the  thoracic  wall,  are  transmitted  to 
reconling  tambour  W,  thcnoc  traced  on  the  kymograph  A'. 


Fro.  11« 


Normal  Ktethogram  of  dorKovcntral  diameter  in  nip]>le  plane. 

rpo.s(»  of  this  instrument  is  to  n^cord  the  movements  of  the  chest. 
•course  is  had  to  a  pair  of  Marey  tanilH)urs.    The  button  (r)  of  the 
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receiving  taml)our  (jR  T)  follows  the  movements  of  the  chest  wall; 
the  changes  of  the  pressure  in  the  receiving  tambour  are  communi- 
cated through  a  rubber  tube,  and  the  record  is  received  upon  carboned 
paper.    Fig.  118  gives  a  normal  stethogram.    Note  (i)  that  the  rise 
(inspiration)  is  more  rapid  than  the  fall  (expiration);  (ii)  that  both 
inspiration  and  expiration  are  more  rapid  at  first  and  gradually  slow 
off  at  the  end  of  the  act;  (in)  that  there  is  a  moment  between  the  acts 
when  there  seems  to  be  no  movement  at  all ;  (iv)  that  this  moment  of 
perfect  inactivity  is  longer  at  the  end  of  expiration  than  at  the  end 
of  inspiration. 

3.  The  Chest  Pantograph. — ^This   instrument,  in  tracing  upon 
"inillimcti-e"  or  "ordinate"  paper  an  outline  of  the  thorax  at  anj 


Fia.  119 


The  chest  iMUilograph,  for  measuring  and  recording  chest  contours.  The  instrument  is  cC^^ 
Ktrucied  of  brass  or  of  wood,  with  brass  or  steel  semicircle.  The  Joints  a,  6,  a;,  and  y  mcr"* 
easily  in  the  plane  of  the  instrument.  The  semicircle,  40  in.  in  diameter,  rotates  at  x  arour' 
the  diameter  t  x.  The  point  /  is  fixed  to  a  table.  With  /  a  fixed  point,  ail  movements  off.  tF^ 
tracing  ]K>int,  are  accom])auied  by  corresponding  movements  of  r,  the  recording  point.  Tl^ 
triangles  Jrh  and  / 1  a  are  similar  triangles  in  all  positions  of  the  instmmont  /&  ;  fa : :  fr :  ft 

but\,     -   .  ;  therefore,  the  distance /r  is  always  1/5  the  distance yt. 

level,  enables  one  to  determine  quantitatively  not  only  any  diameter, 
but  the  area  also,  as  well  a.s  any  peculiarities  of  sectional  contour. 
Just  this  feature  of  the  instrument  enables  it  to  do  what  the  other 
appliances  al>ove  described  fail  to  do.  For  description  of  this  instru- 
ment see  explanation  of  Fig.  119.  If  the  subject  to  \ye  examined 
sit  beside  a  table  on  which  the  instrument  is  fixed;  if  the  seat  be 
adjusted  in  height  to  bring  the  plane  of  the  thorax  to  be  examined 
into  the  plane  of  the  instrument — /.  r.,  on  a  level  with  the  top  of 
the  table;  if  a  sheet  of  millimetre  paper  be  fixed  to  the  table  under 
the  recording  pencil  r:  and  if  the  tracing  point  /  be  swept  around  the 
thoracic  wall,  a  record  of  the  chest  contour  will  be  traced  upon  the 
paper.    The  accompanying  Fig.  120  shows  two  such  contours  from 
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iy,  well-developed  young  men.    Two  millimetres  in  the  Rgure 
I  one  centimetre  of  actnal  measurement.     The  inner  contour 
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it of  fopt^vi  exjiiration,  while  the  outer  one  is  that  of  forced 
ttioii.    Ill  contour  .1  the  iniretLse  of  lateral  diameter  l)v  foreifl 
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inspiration  is  2  cm.,  while  the  increase  of  dorsoventral  is  3  cm.  In 
the  same  contour  the  cross-sectional  area  of  tiie  thorax  in  the  plane 
of  the  ninth  rib  ia  represented  by  25.52  of  the  larger  squares  con- 
taining 25  square  cm. ;  total  area  =  637,5  square  cm.,  while  the  cross- 
sectional  area  of  the  chest  in  foreed  expiration  is  517.5  square  cm. 
Forced  inspiration  shows  an  increase  of  120  square  cm.,  or  about  23 
per  cent,  over  the  cro.ss-sectional  area  of  forced  expiration.  Furthw- 
more,  both  contours  show  a  prominence  on  the  right  side  (left  in  the 
figure),  probably  due  to  stronger  musculature  on  that  side 


3.  THE  FHT8I0AL  8ITE0T8  OF  THE  OHAKaES  OF  THX 
THORACIC  DmEH8I0M8. 

a.  Intrathoracic  Pressore. 

Intrathoracic  pressure  is  the  pressure  in  the  thoracic  cavity  outside 
of  the  air  passages — that  is,  iu  the  ]>k'ural  and  mediastinal  cavities 
especially,  though  it  affects  the  blood  and  lymph  vessels  of  the  thorai 
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are  not  In  «ther  of  the  two  cavities  mcndoned.  If  one  introduce 
ae  pleural  cavity  or  the  metlia-stinal  cavity  a  cannula  whose 
al  end  communicates  through  a  tube  with  a  recording  tambour 
h  a  manometer,  it  will  be  found  that  there  is  a  fall  of  the  record- 
ver  or  of  the  mereury,  indicating  a  fall  of  pressure  below  the 
pheric  pressure.  In  fact,  the  recording  lever  or  the  mercuiy 
ot  ag^n  rise  to  the  level  of  atmospheric  pressure:  but  will 
te  up  and  down  below  the  zero  line,  being  lower  during  inspira- 
lan  dnnng  expiration.  Fig.  121  gives  a  tracing  of  intrathoracic 
ire  {/.  T.),  atmospheric  pressure  {A.  P.),  intra-abdominal 
ire  (/.  A.),  and  a  stethogram  (S.).  The  tracings  were  taken 
I  rabbit  under  ether,  and  are  simultaneous.  The  thing  which 
lie  first  cstablisheil  is  tlie  relation  between  the  intrathoracic 
Lre  and  the  respiratory  movements.  When  the  chest  wall  rises  in 
ation — tracing  S,  pha.se  / — note  that  the  thoracic  pressure  falls 
minimum;  when  the  chest  wall  falls  in  expiration  (S-E)  the 
loracic  pressure  reaches  a  maximum.  This  maximum  does  not 
the  zero-line  under  ordinary  oimimsfances — that  is,  intrathoTocie 
re  M  alwaifs  negative,  btit  it  is  more  negative  during  ins-piration 
during  expiratiim.  If  the  lungs  were  inelastic  sacs  the  pressure 
en  the  lungs  and  the  thoracic  wall-vintrathoracic  pressure — 
become  zero  almost  instantly  on  the  cessation  of  the  mspiratory 
Itiit  while  the  thoracic  wall  i&  by  its  elasticity  regaining  il.s 
al  {losition  of  rejMise  at  the  end  of  exf>iration  the  eta-stie  sacs 
I  the  thorax  are  contracting  by 
of  their  elasticity.  Now,  inas- 
os  the  elasticity  of   the  lungs 

I  be  overcome  by  the  negative 
ire  outside  of  them,  it  is  easy  to 
at  when  there  is  no  cilistruction 

exit  of  air  tnnn  the  lungs  they 
■nd  to  assume  their  jxisition  of 
■  more  <|uickly  than  will  the 
■ic  wall — that  is,  they  will  tend 

II  away  from  the  thoracic  wall, 
g  a  negative  pressure  in  the 
d  cavity. 

■atboracic  pre.ssure  may  Ik-  posi- 
*'  there  is  a  forced  expiration 
ocelnded   exit  of  air; 

expiration  with  a  partial  ob- 
ion  to  the  free  exit  of  air  the 
ire  in  the  pleural  cavity  will  ix;  positive.   In  Fig.  122  the  nostrils 

rabbit  under  observation  were  held  shut  at  x.  The  vigorous 
atory  acts  which  the  animnl  made  in  its  elfort  to  get  air  made 
spiratory  pressure  nmch  lower  tlum  lusual  anil  tlie  expiratory 


TncEag  of  iDtmthoraele  [ir«Huni 
InalnHucnceor  >n  oMrucUnn  la  I 
H  introduced  >l  .T. 
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pressure    much  higher  than   usual,  reaching  almost  as  far  on  the 
positive  side  of  the  zero  line  as  on  the  negative  side. 

Physiologically  the  intrathoracic  pressure  is  positive  during  the 
forced  expiration  of  coughing,  sneezing,  and  stmning  at  stool,  or 
lifting.  The  face  becomes  red  in  the  two  last  because  the  posilive 
pressure  is  sustained,  blocking  venous  flow  to  the  heart. 


b.  Eespiratory  Fresznre. 

Respiratory  pressure  is  the  pressure  in  the  air  passages.  It  is 
always  negative  during  inspiration  and  always  positive  duringespira- 
tion.     If  it  were  not  negative  during  inspiration  the  air  would  not 


flow  into  the  lungs,  and  if  it  were  not  positive  it  would  not  flow  out 
of  the  lungs  during  expiration.  In  quiet  breathing  the  lespiratorj 
pressure  is  only  slightly  jiositive  and  .slightly  negative.     Should  the 


air  pa.ssages  Wcoine  partially  ob.structcd,  a.s  in  sneezing  or  coughing, 
the  positive  pressure  of  expiration  may  be  very  high.  During  lifting 
or  .straining  at  stool  the  positive  pressure  in  the  air  passages  exceeds 
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le  positive  pressure  in  the  pleura  by  the  amount  of  the  elasticity  of 
be  lungs.  If  one  hold  in  the  mouth  or  nose  a  tube  whose  distal  end 
;  connectcil  with  a  recording  tambour,  one  will  notice  that  the 
ecording  lever  rises  and  falls  synchronously  with  ventricular  systole, 
r  with  the  pulsations  of  the  thoracic  arteries.  To  trace  this  "cardio- 
•neumatogram"  one  must  either  breathe  very  quietly  or  suspend 
espiration  altogether  for  short  periods,  during  which  the  tracing  may 
«  taken.  Note  in  the  accompanying  tracings  indubitable  evidence  of 
ystolic  and  dicrotic  pulse  waves  which  have  been  transmitted  through 
he  air  of  the  respiratory  passages  and  thence  to  the  recording  lever 
*?a  the  tambour  and  tube.    (See  Fig.  124.) 

c.  Intra-abdominal  Pressure. 

Intra-abdominal  pressure  is  zero  or  very  near  zero  at  the  end  of 
xpiration  in  quiet  breathing — that  is,  when  thoracic  and  alxiominal 
vails  are  in  a  state  of  perfect  repose.  When  the  diaphragm  descends 
n  inspiration  the  pressure  becomes  decidedly  positive,  forcing  ab- 
lominal  \nscera  and  wall  outward  against  atmospheric  pressure. 
See  Fig.  121,  7.  A,)  If  the  viscera  and  wall  regain  their  position  of 
epose  in  response  to  the  elasticity  of  the  abdominal  wall  there  will 
)e  but  one  wave  of  positive  pressure  and  that  is  caused  by  the  descent 
){  the  diaphragm.  It  occurs  when  intrathoracic  pressure  is  lowest, 
f  there  is  an  active  contraction  of  abdominal  muscles — as  in  the 
ase  in  Fig.  121 — there  will  l)e  a  second  rise  of  pressure  due  to  that 
ontraction,  and  it  will  occur  during  expiration.  These  relations  are 
veil  shown  in  the  tracing. .  The  influence  of  intra-abdominal  pressure 
ipon  venous  and  lymphatic  circulation  has  been  discussed  above, 
-'oughing  and  sneezing  cause  a  sudden  positive  pressure  of  moderate 
legrec,  but  straining  at  stool,  lifting,  and  straining  in  ])arturition. 
ause  a  sustained  positive  pressure  of  high  degree,  and  a  consequent 
orcing  of  bloo<l  and  lymjdi  already  in  large  alnlominal  vessels  into 
he  thorax,  but  a  blocking  of  any  further  entrance  of  venous  blood 
>r  of  h^mph  into  the  ab<lomen,  thus  backing  it  up  in  the  veins  of 
he  lower  extremities. 

d.  Lung  Capacity. 

This  expression  is  used  to  indicate  the  cjuantity  of  air  flowing 
nto  or  out  of  the  lungs  during  respiration.  The  instrument  usi*d 
0  measure  the  air  is  called  a  Spirometer.  If  the  air  is  collected  over 
ftater  it  is  a  IVet  Spirometer  (s(*e  Fig.  125);  if  in  an  elastic  bag,  a 
Dry  Spirometer,  The  results  obtained  fn>m  observations  will  vary 
tv'ithin  wide  limits  and  according  to  the  combination  of  several  factors 
— f.  jr.,  stature,  girth  of  chest,  nuiscular  development,  habits,  age*, 
!iex,  accumulation  of  fat,  etc*.  If  an  averagtvsiziMl  man,  of  average 
muscular  development,  brt*athe  (juietly  into  a  spirometer  it  will  Ik* 
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observed  that  only  300  to  500  c.c.  flow  into  and  out  of  the  instrument 
with  each  respiration.  This  quantity  of  air  involved  in  norma]  quirt 
respiration  is  called  Tidal  Air.  Tie 
quantity  will  vary  from  300  c.c.  in  perfect 
rest  to  .5(X)  c.c.  or  more  during  or  just 
after  moderate  exercise,  as  in  walking. 

But    if    the    exercise    be    more  than 
the  most  moderate,  the  respirations  will 
deepen  until  the  tidal  air  may  reach  1000 
c.c,  or  even  more.     If  500  c.c.  be  arlfl- 
trarily  assumed  as  tidal  air,  then  the  n- 
ces,i   which  may  be   inspire!  in  forced 
inspiration  is  called  Complemental  Air. 
and  for  men  of  average  stature  and  de- 
velopment this  will  approximate  1600  c.r. 
If  at  the  end  of  such  a  forced  inspiration 
an  expiration  is  begun  which  empties  out 
the  IfiOO  c.c.  and  the  500  c.c.,  it  will  be 
found  that  the  muscles  of  forced  expira- 
tion can  foH'e  out  still  more  air  to  the  ex- 
tent of  another  1600  c.c.   This  last  m  of 
forced  expiration  is  called  Reserve  Am- 
Tiic  total  quantity  expired   after  forced 
ins]>irntion  is  called  Vital  Capacitt  and 
is  the  sum  of  the  tidal,  complemental,  and 
reserve  (.500  +  1600  +  KiOO  =  3700c.c.l 
But  at  the  end  of  forced  expiration  the 
limgs  an'  not  empty.    'Hierc  still  n-niains 
a  Ki»-ralletl  RESimiAL  Quantity,  which 
is  estimated  at  1600  c.c.     It  is  an  acci- 
dental forcingoutof  a  part  of  this  residual 
air  that  causes  such   inconvenience  when 
,„„„  one  get.s  a  forcible  and  unexpected  thump 
The  on  the  thorax. 
ITvhB       ■^  diagram  representing  the.sc  terms  and 
definitions  will  l)e  found  in  Fig.  126. 


e.  Tjrpes  of  Respiration. 

1 .  Diaphragmatic,  Inferior  Costal  and  Superior  Costal  Types. 

— Xn  infant  breathes  almost  exclusively  by  means  of  contractions  of 
tlic  diiipbrii^in.  The  flattening  of  tlic  arch  of  the  diaphragm  presses 
u|K>n  tlic  abdominal  viscera  and  pushes  out  the  abdominal  walls; 
this  tyjic  of  res|>ir!ili()n  is  called  ahdoininal  or  diapkragmatic.  At 
al>out  tlic  age  of  piilHTty  there  is,  in  all  European  races  at  least, 
a  distinct  difference  in  tlu-  male  ami  female  respiratory  movements. 
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The  Cheyne-Stofces  Type  of  Eespiration. — The  accompany- 
igure,  Fig.  127,  represents  a  stethogram  with  a  slowly  rotating 
,  Note  the  series  of  rather  rapid,  deep  respiratory  movements 
lating  with  perfect  rest  in  the  recorded  rase  above.  Sometimes, 
ver,  there  ia  an  alternation  of  a  series  of  deep  with  a  series  of 
>w  respirations.  In  the  latter  form  it  is  frequently  to  be  noticed 
ildren  during  sleep.     It  is  seen  in  chloral  poisoning,  morpliine 
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uing,  and  in  nervous  diseases  which  interfere  with  the  action 
t  ct'iitre.  The  Cheyne-Stokes  respiration  in  its  physiologic  forms 
t  tb  l)car  to  respiration  a  notation  analogous  to  that  which  the 
be-IIering  pressure  curves  bear  to  circulation;  both  rhythms 
late   in  the  mi'dullary  centres,  the  first  governing  n\spiratory 


Cbcyiic-SUiktai  rvBplntluu. 


ini  ant)  the  second  governing  vasoconstrictor  tonus.  The  cycle 
ic  Cheyne-Stokcs  movements  is  reiicutcd  once  to  three  times 
uinute. 

the  male  the  ventral  line  is  somewhat  farther  iiilvanccil  in  the 
r  costal  and  alxloniinal  regions  tliun  is  Ijii'  ca.se  in  the  female, 
;  in  the  female  the  upjwr  costal  region  is  udvanceil  iclatively 
cr.     'Iliesc  two  types  are  called  n's)Kftively  the  inferior  costui 
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and  su})erior  costal  type.  Note  that  in  deep  inspiration,  shown  in  the 
interrupted  line,  the  inferior  costal  type  of  the  male  is  more  pro- 
nounced— /.  f.,  in  deep  inspiration  the  ninth  rib  girth  expands  most 
in  the  male,  while  it  is  the  girth  in  the  nipple  plane  which  expands 
most  in  the  female.  There  has  been  some  controversy  as  to  the 
reason  for  this  difference.  Is  it  fundamental  or  incidental?  Is  it 
due  to  sexual  life — viz.,  childbearing  in  the  female?  If  so,  all  women 
of  all  races  should  show  it.  Some  authorities  (Mays  and  Kellogfj) 
say  that  the  American  Indian  women  and  Chinese  women  do  not 
show  the  superior  costal  type  of  breathing,  and,  therefore,  the  differ- 
ence must  be  incidental  and  probably  depends  upon  dress. 

/.  Modifications  of  the  Respiratory  Act. 

1.  Coughing. — WTien  the  respiratory  mucous  membrane,  in  or 
below  the  larynx,  is  irritated  by  inhaled  dust  or  gases  or  by  exuded 
secretions — mucus  or  mucopus — ^the  system  makes  an  effort  to 
expel  the  offending  substance  by  a  forcible  expiration  accompanied 
by  a  closurt*  of  the  larynx  followed  by  its  sudden  opening  and  an 
exjilosive  expulsion  of  the  air  in  the  upper  air  passages.  This  blast 
of  air  usually  carries  with  it  the  irritating  matter. 

2.  Sneezing. — When  the  nasal  mucous  membrane  is  irritated  in 
any  way  a  similar  expulsion  of  the  air  through  the  nose  .serves  to 
remove  the  irritating  matter.  Both  coughing  and  sneezing  are  pre- 
ceded by  an  inspiration  of  more  than  usual  depth. 

3.  Yawning. — If  for  any  reason  the  respiration  has  fallen  ^behind 
the  re(juireineiits  of  the  system  for  oxygen  there  is  an  involuntary 
effort  on  the  part  of  the  respiratory  system  to  make  the  deficiency 
good.  This  is  accomplished  through  a  prolonged  and  very  deep 
inspiration,  followed  l)y  a  very  complete  expiration,  and  this  in  tuni 
followed  by  a  rather  dccj)  insj)i ration,  after  which  the  respiration 
proceeds  in  the  usual  quiet  rhythm. 

4.  Hiccoughing. — Hiccough  consists  in  a  sudden  contraction  of 
the  diaphragm  which  causes  a  s|)asino<lic  inspiration;  this  is  blocked 
by  the  sudden  closuri'  of  the  glottis,  causing  the  characteristic  sound. 
Hiccough  may  be  caused  by  certain  kinds  of  gastric  irritation, 
especially  the  taking  of  dry  food  or  the  mechanical  irritation  which 
the  stomach  undergoes  incident  to  inordinate  laughing,  where  it  is 
subjected  to  a  series  of  cjuick  pressures  by  the  abdominal  muscles. 
In  the  first  case  a  drink  of  water  usually  stops  the  hiccough:  in  any 
case  it  is  likely  to  stop  if  the  attention  is  either  closely  fixed  upon  it  or 
completely  diverted  from  it. 

o.  Sighing. — Sighing  is  very  similar  to  yawning  in  its  mechanism, 
except  that  its  cause  is  (hie  primarily  to  the  emotions.  Grief,  sorrow, 
and  (*ven  extreme  fatigue  may  be  accompanied  by  sighing. 

6.  Crjring  and  Laughing. — "^rhese  are  purely  emotional  in  their 
origin  and  consist  of  a  deep  inspiration  (in  crying)  usually  followed 
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by  a  series  of  spasmodic  vocalized  expirations  (in  laughing  usually). 
Crying  and  laughing  are  subject  to  so  many  individual  peculiarities 
in  sound  and  in  facial  expression  that  it  is  impossible  to  draw  a 
distinct  picture  of  either  or  a  definite  line  between  them. 

7.  Sobbing. — After  prolonged  crying  the  respiration  is  likely  to 
take  the  form  of  sobbing  which  is  a  series  of  convulsive  inspirations 
accompanied  by  partial  closure  of  the  glottis. 


B.  THE  OHEinSTBT  OF  RESPIRATION. 


1.  EXTERNAL  RESPIRATION. 


a.  Respiratory  Changes  in  the  Air  Breathed. 

1.  Composition  of  the  Normal  Atmosphere.— The  open  atmo- 
sphere is  a  mixture  of  gases  in  the  following  approximate  pio- 
portions: 

Nitrogen,  induding  argon,  etc.     .     79.00 1 

K^^^^^x...^  I  Oxygen 20.96  J- in  100  parts. 

Atmosphere  j  ^^-j*  ^  ^.^^.^^^     ....       0.04  ) 

NHa,  H-iO;  organic  matter,  in  small  variable  quantities. 

Though  the  quantity  of  H^O  in  the  air  is  considerable — over 
1  per  cent. — ^it  is  not  customary  to  reckon  it  in  with  the  gaseous 
constituents.  How  is  the  air  changed  during  its  stay  in  the  lungs? 
An  apparatus  may  Ik?  constructed  which  will  show  lx)th  qualitatively 
and  (juantitatively  the  principal  changes  effected.  If  a  small  animal 
be  confined  in  a  sealed  chamber  and  provided  with  dried  air  which 
has  l)een  deprived  of  all  CO,  it  will  he  found  that  the  air  on  leaving 
the  chamber  has  received  considerable  Ci\  and  HjO  and  a  small 
amount  of  organic  matter,  and  that  it  has  a  higher  temperature. 
Systematically  enumerated,  the  changes  in  respiration  an*: 

2.  Qualitative  Changes  Produced  by  Respiration,    (a)  Ohange 

of  Temperature. — Air  below  36°  C.  would  always  be  increased  in 
temperature,  though  not  (juite  to  blood  temperature,  3S°  C.  In 
onlinary  quiet  respiration  of  air  at  ordinary  room  temperature 
(20®  C.)  the  expire<l  air  has  a  temperature  lx*twei»n  30°  C.  and  37°  C. 
Very  cold  air  would  not  lie  raise<l  to  that  temperature,  and  very 
warm  air  (40°  C.)  would  not  be  lowered  to  that  tempt*rature. 

(6)  Ohaiige  in  Proportion  of  CO,. — The  CO^  is  always  incrt»ased. 
If  the  inspired  air  be  pure  the  expired  air  will  contain  4  per  cent,  to 
5  per  cent.  (4.34  per  cent.)  CO,. 

(c)  Ohange  in  Proportion  of  Oxygen. — The  oxygen  is  always 
decreased.  If  the  inspired  air  be  pure — L  c,  has  20.90  per  cent, 
oxygen — one-fourth  of  the  oxygen  is  consumed  at  one  breathing  of 
the  air.     With  successive  re-breathing  less  and  less  oxygen  is  con- 
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sumed,  but  eventually  it  can  all  be  taken  out  of  the  air,  leaving  the 
latter  quite  free  of  oxygen  and  composed  of  79  per  cent,  of  nitrogen; 
CO2,  HjO,  etc.,  21  per  cent. 

id)  Ohange  in  Volume. — If  the  volume  of  inspired  air  be  com- 
pared with  that  of  the  expired  air  it  will  be  found  that  it  is  greater; 
but  we  must  not  forget  that  the  expired  air  has  a  higher  temperature, 
and  that  increase  in  temperature  makes  a  marked  difference  in  the 
volume  of  gases.  If  we  reduce  it  to  the  same  temperature  it  will 
be  found  to  have  actually  decreased  slightly  in  volume.  Now,  one 
litre  of  oxygen,  combined  with  carbon,  makes  one  litre  of  carbon 
dioxide  at  the  same  temperature  and  pressure.  If  the  oxygen  of  the 
inspired  air  has  all  combined  with  carbon,  why  should  there  be  any 
decrease  in  volume?  But  the  oxygen  of  the  inspired  air  does  not  all 
combine  with  the  carbon;  some  of  it  combines  with  hydrogen  to 
form  H^O,  and  that  causes  the  difference  in  volume. 

(e)  Ghange  in  the  Proportion  of  Water. — ^l^he  water  is  generally 
increased,  though  it  may  be  decreased.  Though  the  cool  inspired 
air  may  be  saturated  with  water  at  that  temperature,  the  raising  of 
the  temperature  in  the  air  passages  increases  the  capacity  of  the  air 
for  water  and  more  is  taken  up  from  the  moist  mucous  membrane. 
If  warm  air  is  saturated  with  moisture  before  entering  the  lungs  it 
will  take  up  very  little  more.  If  warm  air  be  dry — the  usual  condition 
in  furnace-heated  houses — it  will  take  up  moisture  very  rapidly  from 
the  nasal  passages  and  trachea  and  upper  bronchi.  This  is  irritating 
to  the  delicate  membranes  and  is  one  of  the  many  causes  for  catarrh. 

(/)  Organic  Matter  in  minute  quantities  is  added  to  the  air  in 
the  lungs.  ^ 

3.  Quantitative  Changes  of  the  Air  in  Respiration,  (a)  The 
Estimation  of  the  Oxygen  in  Expired  Air. — The  accompanying  Fig. 
128  shows  a  very  efficient  and  simple  appliance  for  the  determi- 
nation in  question.  The  expired  air  anulyzcnl  should  represent  the 
well-mixed  product  of  many  expirations.  This  may  be  accomplishe<l 
by  inspiring  from  the  oj)cn  atniospluTc  and  expiring  into  a  spirometer 
or  similar  recej)tacle.  After  sufficient  time  has  elapsed  for  complete 
diffusion  of  the  gases  and  cooling  to  room  temperature,  100  c.c.  may 
l)e  drawn  off  and  analyzed.  Finally  a  correction  must  be  made  for 
temperature  and  pressure  and  all  corrected  readings  given  for  0°  C. 
and  7()0  nnn.  pressure.  The  c|uantity  of  oxygen  in  the  open  atmos- 
phere may  Ik*  determined  as  a  preliminary  step  in  the  experiment. 

The  oxygiMi  is  determined  by  a  volumetric  method,  using  two  or 
more  gas  burettes  and  a  solution  of  j)otassium  pyrogallate.  The 
solution  of  jK)tassiuin  pyrogallate  is  prepared  by  mixing  two  parts 
of  25  }K*r  cent,  aqueous  solution  of  KOII  and  one  part  of  5  per  cent, 
aqueous  solution  of  {)yrogallic  acid.. 

These  two  constituents  of  the  pyrogallate  should  l>e  mixed  in  the 
pressure  tube  of  the  gas  apparatus  just  before  the  analysis  is  made. 


\ 
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To  collect  samples  of  air  for  analysis,  one  fills  the  gas  burette  (Fig. 

128,  A)  with  water  by  suction.     Connection  is  then  made  between 

the  exit  tube  at  k  (of  the  respiration  apparatus  used  in  the  previous 

experiment)  (see  Fig.  128)  and  the  upper  end  of  the  gas  burette 

as  shown  in  Fig.  128,  position  1,  the  respired  air  flows  in,  displacing 

the  water.     The  stopcocks  are  now  turned  so  that  no  air  can  escape 

from  the  burette.    The  rubl^er  tube  of  the  pressure  tube  (5),  which 

has  been  filled  with  the  potassium  pyrogallate,  is  now  connected  to 

the  lower  end  of  the  gas  burette.    After  all  the  air  has  been  expelled 

fit>ni  the  connections  turn  the  three-way  stopcock  in  such  a  position 

*s^to  permit  the  pyrogallate  to  flow  up  into  the  gas  burette,  coming 
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iNiftitioii  uf  giM  burettcB  during  analyHiii  of  ulr.  Attach  a  tube  from  the  top  of  the  f^as  burette 
<.l)  to  the  Tentiiatiiig  apiMiratiis  at  k.  Fig.  ViD,  to  catch  air  which  has  pastsed  through  tlie 
iitilmal  cage  and  which  is  eacaping  from  k. 

in  contact  with  the  air  to  Ikj  analyzed.  The  pressure  tuln*  should 
now  l)e  elevate<l  as  high  as  the  connecting  rubln^r  will  admit  and  the 
potassium  pyrogallate  solution  allowed  to  run  into  the  burette  (/I). 
'Hie  damp  on  the  connecting  tul>e  should  now  l>e  ap])lied  to  it  close 
to  ther  lower  end  of  the  bun»tte. 

This  operation  made  positive  ])ressiire  in  the  burette,  thert»by 
causing  a  more  rapid  absorption  of  the  oxygt^n.  The  bun*tte  should 
HOW  l)e  taken  by  the  exp(»rimentcr  and  its  ends  alternately  raised  and 
loweriHl.  At  fre<juent  intervals  he  should  loosen  the  clamp  on  the 
connecting  rublxT  tulx*,  and  raise  the  pressure  tul)e,  thus  jK'rmitting 
potassium  pyrogallate  solution  to  take  the  place  of  the  oxygen  as  it 
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is  absorbed.     This  procedure  should  continue  ten  minutes,  after      \ 
which  the  clamp  on  the  connecting  rubber  tube  should  be  loosened. 
The  burette  and  its  pressure  tube  should  be  allowed  to  remain  ten 
minutes  longer,  at  the  end  of  which  time  the  solution  in  the  burette 
should  be  brought  to  a  level  with  the  solution  in  the  pressure  tube 
by  elevating  or  lowering  the  tube.    This  causes  the  air  in  the  burette 
to  be  under  the  atmospheric  pressure  existing  at  that  time.    The 
reading  for  the  amount  of  oxygen  is  now  taken. 

To  calculate  the  amount  of  oxygen  consumed  by  the  animal,  on^ 
subtracts  the  amount  of  oxygen  found  in  the  respired  air  from  that 
found  in  the  normal  air.     At  least  one  sample  should  be  analyzeJ 
from  each  ten  litres  of  respired  air,  the  average  being  used  to  obtain 
the  result. 

Besides  the  above-described  direct  determination  of  oxygen  there 
is  an  indirect  method  given  by  Pembrey  (Schafer's  Text-book  of 
Physiology f  vol.  i.  p.  695):  **The  intake  of  O  may  be  estimated  in 
the  following  way:  The  animal  is  weighed  at  the  beginning  and  at 
the  end  of  the  experiment,  and  the  difference  l)etween  the  weights 
of  carbon  dioxide  and  water  discharge  and  the  loss  in  weight  of  the 
animal  represents  the  oxygen  absorl)ed.  Thus,  if  Wi  represents  the 
initial  weight  of  the  animal,  and  Wf  its  final  weight,  then  Wi —  Wf  =  ir , 
the  loss  in  weight  of  the  animal.  If  COj  +  HjO  represents  the  weights 
of  carlx)n  dioxide  gas  and  water  discharged  during  the  experiment, 
then  C(\  +  HjO  — W  =  O,  the  oxygen  absorbed." 

In  most  respiration  experiments  these  two  methods  of  determining 
the  oxygtMi  may  be  used,  one  method  serving  as  a  check  or  control 
observation  on  the  other. 

(b)  Estimation  of  GOj  and  BL^O  Exhaled. — A  simple  apparatus  for 
accomplishing  this  is  shown  in  Fig.  129.  The  general  construction 
is  as  follows:  (rf)  An  animal  cage,  for  which,  for  small  animals  like 
rats  or  guinea-pigs,  a  large,  wide-mouthed  bottle  may  be  used;  (a) 
KOH;  (b)  Ba(()II)2;  (c)  CaCl^,  free  the  afferent  current  of  air  of  all 
(X)^  and  HjO,  so  that  the  animal  inspires  an  atmosphere  of  nitrogen 
and  oxygen  in  proj)orti()ns  that  may  Ik*  accurately  determined;  (e) 
and  (/)  are  calcium  chlori<le  tulK\s  for  absorption  of  the  water,  the 
increase  in  weight  is  e(|ual  to  the  water  which  leaves  the  animal  cage 
during  the  experiment;  (g)  is  a  (ieissler  potash  bulb  for  absorption 
of  COj,  its  weight  is  taken  before  and  after  the  observation;  the 
Ba((  )II)2  flask  (h)  indicates  whether  all  of  the  CO,  has  been  absorbed 
by  the  potash  bulbs;  (i-k)  is  a  siphon  apparatus  for  drawing  the  air 
through  the  apparatus.  The  10-Htre  bottles  are  graduated  so  that 
the  <|uuntity  of  expired  air  may  lye  determined.  The  amount  of 
oxygiMi  in  this  expired  air  may  he  determined  as  above  shown,  and 
by  taking  the  weight  of  the  animal  cagt*  with  and  without  the  animal 
before  and  after  the  exj)eriment  we  have  data  for  determining:  (i) 
the  amount  of  oxygen  consumed  per  kilogram  animal  per  hour; 
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(ii)  the  amount  of   CO,  and   of   H,()  excreted   per   kilogram   per 

hour.    Unless  tlie  experiment  is  continu(><I  over  consideraUle  time 

(te  water  excretion  is  only  approximately  determined.     If  there  is 

«  inicturition  or  defecation  by  the  animal  the  difference  of  weight 

'1  (he  calcium  tubes  will  give  the  water  excreted  by  lungs  and  skin. 

it  there  is  micturition,  a  part  of  the  water  caught  by  the  tul)e3  wilt 

hn\-K  been  evaporated  from  the  urine.    If  the  animal  l>e  introduced 

into  the  cage  just  after  voiding  urine,  and  if  the  amount  of  urine  in 

"•^    Uadder  at  the  end  of  the  observation  l)e  <letermined  it  will  Ije 

/"^Suable  to  make  a  fairly  accurate  estimate  of  the  amount  of  wattT 

^•^■etetl  during  the  period  of  observation. 


AppwatDi  for  Uie  uUmallon  of  Co, . 


When  it  is  deared  to  observe  the  respiration  of  a  iiinn  or  any 
animal  too  large  fur  such  an  apparatu.s  us  that  figured  uUtve,  one 
has  only  to  have  a  cage  made  lai^  enough  for  the  .sniiject  and 
supplieii  with  a  measured  current  of  air,  .samples  of  wliich  are  meas- 
ured and  analyzed  as  it  enters  anil  as  it  leaves  the  chaml)er.  The 
principle  involved  in  the  use  of  the  large  a]>paratus  is  the  same  a.s 
that  for  the  small  apparatus  above  descrilteil.  The  large  res|>iratory 
rhambor  enables  one  to  determine  for  a  large  animal  or  for  a  man 
the  respiratory  relations  under  various  cin'uni.stanccs;  (t)  re.st; 
(U)  work;  (in)  fasting;  (iv)  various  <!iet.s;  (v)  dnigs,  etc. 

(e)  Th*  RMpintoi7  QmUent. — ^'lliis  is  the  ratio  Ix-twei'n  the 
volume  of  CO,  exhaled  and  the  volume  of  oxygen  ahsorlw'd  in 
the  lungs.  In  the  human  subject,  on  an  average  <liet,  the  air 
loses  by  absorption  in  the  Umgs  4.78  volumes  per  cent,  of  oxygen 
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and  receives  from  the  blood  4.34  volumes  per  cent,  of  CO,;  hence 
the  respiratory  quotient: 

R.  Q.  =  7^*  =  ^t^  =  0.908  or  0.91. 
^         Oa        4.78 

The  respiratory  quotient  varies  considerably  in  different  species^ 

and  in  the  same  animal  under  different  conditions.    Just  how  these 

variations  arise  will  be  made  clear  if  we  study  the  relation  of  thes«^ 

two  gases  in  a  combustion.    If  one  litre  of  oxygen  at  0°  C.  and  760  mn:m  - 

pressure  unite  with  carbon  to  form  CO,,  that  gas  at  0®  C.  and  760  mnB  ^ 

will  measure  exactly  one  litre,  so  that  the  combustion  quotient  o 

pure  carbon  is 

1  vol.  _ 

1  vol.  ~   • 

Suppose  now  that  we  burn  starch  or  cellulose,  or  any  carbohydrate. 
Six  molecules  of  oxygen  (O,)  will  iniite  with  each  molecule  of  carbo- 
hydrate to  form  six  molecules  of  CO,  and  release  5  or  6  molecules 
of  HjO.  But  the  HjO  is  not  taken  into  account  in  combustion 
({uotients  or  respiratory  quotients,  so  that  the  combustion  quotient 
of  a  carbohydrate  would  be 

6CO,_ 

It  must  be  evident  that  in  the  oxidation  of  carbohydrates  in  the 
animal  organism  the  ratio  would  be  the  same — i,  e.,  the  respiratory 
quotient  for  carbohydrates 

GC()2  _ 

In  the  combustion  or  in  the  metabolism  of  fats  the  ratio  is  modified 
by  the  presence  of  a  quantity  of  hydrogen  whose  oxygen  is  not 
provided  for  by  the  oxygen  present  in  the  fat  molecule.  Let  us  take 
trij)ahnitin  as  an  example:  Its  formula  is  C3H5[CH,.(CHj)|^.- 
COOII],  or  C3n5(C„H3,()2)3  or  QJI^O^.  To  oxidize  the  tripalmitin 
molecule  it  will  re(]uire  51  Oj  to  form  ^ICOj;  but  to  oxidize  the 
hy<lrogeii  of  the  molecule  it  will  require  49  atoms  of  oxygen,  0  of 
which  already  exist  in  the  molecule,  leaving  43  atoms  or  21.5  mole- 
cules to  be  supplied  (51  +  21.5  =  72.5);  it  will  require  then  a  total 
of  72.5  molecules  of  oxygen  to  yield  51  of  CO,,  ike  combustion  quotient 
or  the  respiratory  quotient  for  tripalmitin 

^loco, 
=  725()..     ^^•'^>'^^- 

The  respiratory  quotient  for  proteids  cannot  l)e  so  accurately  deter- 
mined, but  it  ranges  for  diH'erent  proteids  l^etween  0.75  and  0.81. 

From  what  has  been  said  it  is  evident  that  the  variations  of  respir- 
atory (juotient  nnist  vary  with  the  proportion  of  carbohydrates,  fats, 
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and  proteids  in  the  diet:     (i)  in  herbivora  it  is  0.9  to  1.0;  (ii)  in 
carnivora,  0.75  to  0.80;  (in)  in  omnivora,  0.80  to  0.90. 

During  fasting  the  animal    consumes  its  own  tissues — i.  e.,  the 

reserve  fats  and  proteids — and  the  respiratory  quotient  ranges  from 

0.7O  to  0.75.    In  the  child  the  respiratory  quotient  is  lower  than  in 

the  adult,  due  undoubtedly  to  the  more  active  proteid  metabolism 

in   the  growing  individual.    The  ratio  is  higher  in  the  daytime  than 

at  night,  because  the  muscular  activity  is  greater  during  the  day  and 

m  uvular  activity  is  accompanied  by  a  free  katabolism  of  dextrose 

fc^arbohydrate)  in  the  muscle  while  the  muscle  tissue  itself  (proteid) 

is  katabolized  no  more  during  work  than  during  rest. 

The  following  table  illustrates  some  of  the  points  mentioned  above: 


Animal. 

CovDxnoHs. 

^  Q  ^  Vol  00, 
^^"VBl.6, 

Oz. 

On  cmrbohydrate  diet    (HerbiTormu.) 

1.00 

Hons. 

On  oarbohjdnto  diet.    (HerbiToroo*. 
On  cmrbobjdrmte  diet    (HerbiToroat. 

1.00 

Slieep. 

0.88 

RaSBtt. 

On  carbohydrmte  diet    (HerbiToroos. 

0.90-1.00 

§». 

On  mixed  diet    (OmniToront.) 
On  milk  diet 

.9 
0.86 

^ 

On  cmrbobrdnte  diet    (Omaivoroua.) 
Onfleehdiet    (CarniTorous.) 

0.8-0.90 

0.7 

CM. 

On  flesh  and  milk  diet 

0.8 

RaM>it. 

Fatting. 

0.7 

Sps- 

Faeting. 

0.7 

Murmot 

Awake. 

0.8 



Mannot. 

Asleq>.    (mbernating.) 

0.5 

6.  Respiratory  Changes  in  the  Blood. 

1 .  The  Oases  of  the  Blood. — One  of  the  functions  of  the  l>lood 
*^  to  carry  oxygen  from  the  lungs  to  the  tissue,  and  carbon  dioxide 
^^m  the  tissue  to  the  lungs.  The  next  step  in  our  inquiry  is  to 
Subject  arterial  and  venous  blood  to  a  vacuum  to  determine  how 
^uch  oxygen  and  CO,  arterial  and  venous  blood  will  yield  under 
^liose  conditions. 

(a)  The  Method  of  Extracting  the  Oases  of  the  Blood  is  shown 
^H  Fig.  1.30.  When  subjected  to  a  vacuum  the  gases  leave  the 
Vjood,  and  after  being  freed  from  moisture  they  may  be  drawn 
first  into  the  fixed  mercury  bulb  (3/),  and  then,  through  adjustment 
^f  the  three-way  tap  (37"),  sent  into  the  eudiometer  (JS),  where  they 
are  collected  above  mercury  and  may  be  subsequently  analyzed. 

(5)  The  Results. — One  hundred  cubic  centimetres  of  blood,  whether 
arterial  or  venous,  yields  about  58  c.c.  of  mixed  gases.  Tlie  nvsults 
may  be  thus  tabulated: 


In  arterial 

In  venous  blood  tvom 

Oaa. 

blood. 

right  ventricle. 

DilTcrencc. 

Oxygen 

.     19.6  c.c. 

11.2  c.c. 

8.4  c.c. 

Carbon  dioxide    . 

.     36.0   " 

45.3   " 

8.7   " 

Nitrogen     . 

.       1.9   " 

1.9   " 

Total  vol.  per  cent,  gas    58.1 


(( 


58.4 


n 


0.3 


(t 
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The  observations  from  which  the  alx)ve  was  compiled  were  made 
upon  over  160  dogs  and  by  several  different  observers:  Bert,  Ewald, 
Mathieu,  SchaflFer,  Pfluger,  Setschenow,  and  others. 

Wliile  the  proportions  of  O  and  CO,  are  practically  the  same  in  dif- 
ferent parts  of  the  arterial  system,  they  vary  greatly  in  different  parts  of 
the  venous  system.  The  proportion  of  CO,  is  much  greater  in  those 
veins  which  drain  active  tissues  than  in  those  which  drain  inactive 
ones;  it  would  be,  for  example,  much  greater  in  veins  from  muscular 
tissue  than  in  veins  from  subcutaneous  connective  tissue. 


Fia.  130 


E 


Mm 


Plan  of  apparatus  for  extracting  the  gateiof 
the  blood.     To  extract  gases  from  the  blood 
100  C.C  of  blood  are  drawn  In  the  Mood  Ixilb  B 
trom  the  artery  or  vein.    By  dosing  tap  1  tnd 
opening  tap  2,  the  blood  is  exposed  to  the  ooo* 
ditions  which  exist  in  the  rest  of  the  appantni. 
Suppose  that  the  movable  mercury  bulb  Jfa 
had  been  previously  held  at  the  level  oftbe 
fixed  mercury  bulb  if;  if  it  be  lowered  to  tbe 
position  shown  in  the  figure  there  will  be  a 
rarefaction  of  the  air  in  F,  D,  and  if,  and  tb« 
gases  will  begin  to  escape  from  the  blood.   If  a 
vacuum  be  previously  established  in  the  appi- 
ratus  above  tap  2,  the  turning  of  that  tap  will 
subject  the  blood  to  a  vacuum,  the  gases  will 
escape  with  such   force  as  to  fill  tbe  ftoth 
chamber  F  with  fW>lh  or  bubbles   fkom  tbe 
blood  ;  but   the  drying  tube    D   removes  all 
moisture  from  the  gases,  which  may  be  drawn 
through  the  three-way  tap  8 T into  M  by  lowe^ 
ing  Mm.     If,  now.  87  be  turned  to  the  left  90^ 
and  Mm  be  raised,  the  extracted  gases  will  pas 
eudiometer  E,  where  it  is  received  above  mer- 
cury and  may  be  measured.    A  repetition  of 
the  process  with  a  warming  of  the  blood  bolb 
will  enable  the  experimenter  to  extract  all  of 
the  fi^ases. 


2.  The  Relations  of  Oxygen  in  the  Blood. — If  the  oxygen  is  in  a 

state  of  simplo  solution  in  the  blood  as  it  is  in  the  water — ^as  described 
in  {\w.  physical  introchiction — we  shall  expect  it  to  give  up  its  oxygen 
to  a  forininti^  vaeuum  in  proportion  to  the  falling  oxygen  pressure. 
SupjM)se  we  make  the  exjxTiment.  (See  Fig.  131.)  I^et  tlie  line  n  0 
of  tlie  figure  represent  the  gra(hial  fall  of  the  oxygen  pressure.  If  the 
line  .r  0  rej)reseiits  the  c|iiantity  of  oxygen  dissolved  in  the  blood, 
tluMi,  according  to  the  physical  laws  given  al)ove — the  Henry-Dalton 
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law  of  absorption  of  gases — ^the  decrease  in  the  quantity  of  dissolved 
oxygen  would  be  represented  also  by  a  line  n  0;  but  the  curve  wpO 
represents  what  actually  takes  place — i.  e,,  the  oxygen  is  given  off 
very  slowly  until  the  pressure  is  reduced  to  one-third  or  one-fourth, 
and  then  it  escapes  very  rapidly  and  not  proportionately  to  the 
pressure. 

On  the  other  hand,  if  the  oxygen  pressure  is  gradually  increased, 
as  in  the  line  On',  the  quantity  of  that  gas  does  not  increase  pro- 
portionately, but  is  represented  by  the  curve  0  p'  n' — i.  r.,  the  oxygen 
is  absorbed  very  rapidly  at  first  and  very  slowly  later.  But  we  have 
ignored  the  fact  that  the  blood  is  composite.  Let  us  make  the  experi- 
ment with  plasma,  or,  better,  with  serum.  We  will  release  only  a 
small  quantity  of  oxygen  by  reducing  the  pressure  to  zero — a  quantity 
represented  by  the  line  x  P,  and  the  line  n  P  represents  the  gradual 
decrease  with  decreasing  pressure.  It  appears  then  that  the  small 
quantity  of  oxygen  which  is  associated  with  the  plasma  obeys  the 
Henry-Dalton  law,  and  must,  therefore,  be  simply  dissolved.     If 


Diaflrram  showing  relation  of  oxygen  in  the  blood. 

the  red  blood  corpuscles,  or,  better,  if  a  strong  solution  of  htemoglobin, 
be  subjected  to  the  same  experiment,  we  will  find  that  at  first  no 
oxygen  is  given  up,  then  suddenly  all  of  it  is  given  up  rapidly  with 
the  falling  pressure,  but  not  proportionately  to  the  pressure.  (See 
curve  H  h  0.)  If  the  pressure  he  gradually  increased  the  oxygen  will 
be  taken  up  very  rapidly  at  first  until  the  haemoglobin  is  satisfied,  after 
which  no  more  will  be  taken  up.  (See  curve  0  h!  //'.)  The  quantity 
of  oxygen  absorbed  by  the  hiemoglobin  of  a  given  quantity  of  blood 
may  be  represented  by  the  line  PO.  From  this  we  find:  (i)  the 
hsemoglobin  takes  up  vastly  more  oxygen  than  does  plasma;  (ii)  the 
small  amount  of  oxygen  held  by  the  plasma  is  in  simple  solution  and 
oljeys  the  Henry-Dalton  law;  (in)  the  oxygen  which  is  held  by  the 
hsemoglobin  is  not  dissolved;  it  is  held  by  chemical  affinity,  the 
combination  being  called  oxyhainoglobin  and  written  HbO;  (iv)  the 
oxygen  can  l)e  separated  from  haemoglobin  only  at  low  oxygen 
pressure,  and  unites  with  haemoglobin  readily  at  much  lx*low  atmos- 
pheric oxygen  pressure. 

3.  Kelations  of  GO,  in  the  Blood.— We  have  found  that  less  than 
three  volumes  per  cent,  of  C()2  represents  the  equilibrium  of  absorp- 
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tion  of  that  gas  in  the  lungs.  From  the  physical  laws  above  given 
we  should  expect  the  quantity  of  CO,  in  the  blood  to  be  small  and 
the  amount  left  in  the  blood  after  having  passed  the  lungs — i.  f.,  the 
amount  of  COj  in  arterial  blood,  to  approximate  the  equilibrium, 
3  volumes  per  cent. 

The  report  of  a  series  of  experiments  will  aid  us  at  this  point  of 
the  discussion: 

Experiments,  (i)  If  arterial  blood  be  subjected  to  a  zero  CO, 
pressure  it  vnll  give  off  about  35  volumes  per  cent,  of  COj. 

(ii)  If  plasma  be  subjected  to  similar  conditions  it  will  give  off  13 
to  26  (average  20)  volumes  per  cent,  of  COj. 

(hi)  If  venous  blood  be  observed  in  the  same  way  40  to  45  volumes 
per  cent,  of  CO^  will  be  collected. 

(iv)  The  red  blood  corpuscles  alone  yield  under  similar  conditions 
about  15  volumes  per  cent,  of  COj  (5  percent,  to  7.5  percent,  of  the 
whole  blood). 

(v)  Plasma  plus  weak  acid  will  yield  in  vacuo  about  30  volumes 
per  cent.  CO  2- 

(vi)  Plasma  plus  Hb  will  yield  in  vacuo  a\x)ut  30  volumes  per 
cent.  COj. 

These  exj>eriments  and  observations  justify  the  following  am- 
elusions: 

(i)  More  CO2  is  contained  in  the  blood  than  can  be  accounted 
for  on  the  basis  of  physical  laws. 

(11)  The  plasma  contains  about  two-thirds  of  the  COj,  and  it  is, 
for  the  most  part,  in  chemical  combination. 

(ill)  The  CO2  of  the  plasma  must  in  part  be  held  in  weak  chemical 
combination  and  in  part  in  strong  chemical  combination,  because 
a  part  of  the  chemically  combined  COj  is  released  at  zero  CO, 
pressure.  At  this  {)oint  it  is  necessary  to  inquire:  In  what  chemical 
combinations  does  C()2  exist  in  the  plasma?  Is  one  of  these  affected 
by  COj  pressure?  Carbon  dioxide  exists  in  the  plasma  in  combina- 
tion with  sodium  sis  NaHCOg  and  NajCO,.  Of  these  two  compounds 
the  forintT  is  a  weak  one  and  at  zero  COj  pressure  will  part  ^ith 
that  gas  according  to  the  following  equation: 

Tissues  vs.  Lungs. 

2NJ1HCO3        --     Nji,C()3  +  H,0  -f  C()2. 
High  CO  J  tension  i'.s\  Low  CO2  tension. 

Now,  the  addition  of  a  weak  acid,  or  of  HbO,  further  decomposes 
the  NajCOg,  thus  liberating  the  last  of  the  CO,.  The  Na,0  probably 
joining  to  2NaIl2P(\  to  make  2Na2nPO,  +  H,0. 

(iv)  About  one-third  of  the  CO,  of  the  blood  is  held  by  the  red 
blood  corpuscles.  It  is  supposed  that  this  is  for  the  most  part  held 
in  a  loose  chemical  combination  with  the  haemoglobin  of  the  cor- 
puscles; in  fact,  with  the  globulin  component  of  the  haemoglobin. 
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fv)  Hoemoglobin,  especially  oxyhfienioglobin,  acts  as  an  acid,  and 
the  more  stable  carbonates  of  the  blood  are  broken  up  in  the  presence 
)f  HbO  and  a  zero  CO^  pressure. 

Our  next  task  is  to  weave  these  facts  and  conclusions  into  a  con- 
5istent  theory.  Preliminary  to  this  let  us  define  the  word  tension  as 
jsed  by  the  physiologist  in  this  connection.  If  the  partial  pressure 
)f  a  gas  Ix?  increased  or  decreased  the  quantity  absorbed  will  rise  or 
fall  accordingly.  It  is  evident  that  the  gas  must  be  under  a  certain 
legree  of  pressure  to  prevent  its  passing  out  of  solution.  The  gas 
n  solution  is  said  to  be  under  tension.  If  the  partial  pressure  of  this 
a:as  (in  the  air)  diminishes,  the  gas  in  solution  is  given  off  until  the 
partial  pressure  of  the  gas  in  the  air  and  the  tension  of  the  gas  in 
solution  arc  equal.  Tension  is  expressed  in  the  same  terms  as  pressure 
—I.  e.f  in  millimetres  of  mercury.  The  tension  of  CO2  in  the  tissues 
=  7.06  percent,  of  760  mm.  =  58.25  mm.;  in  the  venous  blood  =  41 ; 
in  arterial  blood  =  21.28;  while  the  partial  pressure  of  this  gas  in 
the  alveoli  equals  23  mm.  of  mercury.  Inasmuch  as  the  NaHCO, 
>f  the  plasma  will  tend  to  change  to  a  more  stable  compound,  giving 
lip  one-half  of  the  CO,  in  the  lower  COj  tension  of  the  lungs,  we 
ihall  expect  to  find  the  CO,  passing  regularly  from  a  place  of  high 
:ension  to  one  of  low  tension.  It  will  naturally  then  diffuse  rapiclly 
^rom  the  tissues  with  their  tension  of  58  +  to  the  blood,  which  enters 
:he  capillaries  of  the  tissues  wHh  a  tension  of  21  + ,  and  leaves  the 
'apillaries  en  route  for  the  lungs  with  a  CO^  tension  of  41  + ,  nearly 
louble  what  it  entered  the  tissues  with,  but  still  considerably  below 
issue  tension  (58).  It  must  be  stated  at  this  point  that  the  diffusion 
s  made  possible  by  two  things  working  together,  l)oth  tending  to  take 
ip  simply  dissolved  CO,  from  the  plasma,  store  it  away,  so  to  speak, 
n  a  chemical  combination,  (i)  The  htemoglobin,  which  just  parted 
^th  its  oxygen,  may  now  satisfy  its  affinities  with  CO,,  which  it 
Joes,  thus  making  place  for  more  CO,  to  diffuse  into  the  plasma. 
'11)  COj  has  a  strong  affinity  for  sodium.  This  element  does  not 
?xist  free  or  in  loose  combination,  except  with  Na^HPO^.  So  that 
the  phosphoric  acid  is  forced  to  part  with  its  second  atom  of  sodium, 
IS  sliown  in  the  following  equation: 

Tissues  vs.  Lungs. 

NaH,P()4  -h  NaHCO,  =  Na,HP(),  +  CX),  +  H/). 
High  CO,  tension     rs.       Low  CO,  tension. 

rhe  venous  blood  passes  to  the  lungs,  having  received  an  increase  in 
T'Oj,  which  has  been  largely  taken  into  such  chemical  combinations 
IS  NaHCO,,  leaving  the  amount  dissolved  in  the  plasma  varjing 
ittle  probably  from  that  which  is  found  in  the  arterial  blood.  Reach- 
ng  the  lung  capillaries  the  conditions  arc  reversed.  The  high  oxygen 
ension  of  the  alvtH)li  favors  the  reversal  of  the  reaction  between  the 
lapnioglobin  and  the  oxygen  and  carl>on  dioxide  gas.    The  stronger 
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affinity  of  hcemoglobin  for  oxygen  causes  it  to  drop  the  CO,  luid 
take  up  oxygen  forming  HbO.  The  CO,  is  first  taken  up  by  tlw 
plasma,  thus  further  increasing  t]ie  CO,  teusion  in  tliat  liquid  ami 
further  hastening  iliffusion  toward  the  alveoli.  Besides  this  intc>, 
cliange  we  must  not  forget  that  the  low  CO,  tension  in  tlie  lui 
favors  the  reversal  of  the  reaction  between  NaH^O,  and 
NaHCOj. 

Just  how  far  this  reaction  between  phosphoric  acid  and  carbonic 
acid  plays  a  part  in  actual  respiration  is  still  undeterniiucd.    l^iiiallv 
undetermined  is  the  importance  of  the  relation  between  Hli  aiiJ 
COj.     That  the  chemical  reactions  take  place  when   plasma  or 
solution  of  these  compounds  is  under  experimental  test  is  denii 
strated.     But  we  must  remember  that  we  have  only  to  account 
an  addition  of  (>  to  8  volmnes  per  cent,  of  COj  in  the  tissues  and 
release  of  the  same  amount  in  the  lungs,  and  it  is  not  c-erlain  tliat '' 
reaction  in  <]uestlon  plays  any  important  part  in  it. 


unil 
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mill      I 
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4.  The  Influence  of  Blood  Gases  upon  the  Spectniro.— Ii 
spectroscopic  examination  of  the  blood  accoimt  must  lie  taken  <i 
the  fact  that  hiemoglobin  reacts  very  differently  under  diffeieni 
conditions:  fi)  When  combined  with  oxygen  as  oxyhtenioglobiii 
{HbO)  it  shows  two  absorption  bands  as  shown  in  Fig.  132,  I. 
(n)  When  it  is  deprived  of  its  oxygen^i.  e..  reduced  to  ha-moglobin— 
the  light  absorption  takes  place  in  one  brood  liand  which  nearly 
corresponds  to  the  two  alxive  with  the  s]miv  between  them, 
132,  II.) 

2.  INTERNAL  OR  TISSUE  RESPIRATZON. 

The  terms  external  and  internal  respiration  are  used  to  deM]_ 
different  phases  of  the  same  general  pmcess.    The  essential  pro 
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is  the  providing  of  oxygen  to  the  active  cells,  where  it  is  combined 
with  the  cell  plasma  either  in  some  of  the  steps  of  anabolism  or  in 
some  of  the  earlier  katabolic  steps.  This  ultimate  step  of  respiration 
is  called  "tusue  retpiraiwn,"  or  "intenial  rexpiration."  A  still  better 
term  would  be  cell  respimiion.  Cell  respiration,  then,  consists  in 
taking  up  of  oxygen  from  the  intercellular  plasma  and  utilizing  it  in 
katabolic  processes.  Tlie  ultimate  products  of  katabolism  are  CO,, 
HjO,  etc.  These  end  products  are  useless  to  the  cell  and  are  ejected 
into  intercellular  plasma.  It  is  evident  from  this  that  cell  respiration 
is  simply  one  phase  of  cell  nutrition  which  deals  with  the  gaseous 
elements  of  assimilation  (oxygen)  or  of  excretion  (CO,).  The  term 
external  respiration  is  applied  to  all  those  processes  by  which  air  is 
introduced  into  the  lungs,  the  oxygen  taken  up  by  the  blood,  the  CO, 
given  off  by  the  blood,  and  the  transfer  made  with  the  tissue  plasma. 
TTie  relations  between  external  respiration  and  internal  or  cell 
resjMration  may  best  be  illustrated  by  a  diagrammatic  .scheme  of  the 
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respiration.  Tlie  oxygen  of  the  atmosphere  enters  the  zone  of  tidal 
air  where  the  o3^gen  pressure  equals  that  of  the  atmosphere;  from 
this  zone  it  rapidly  ditfuses  into  the  zone  of  rese^^■e  air,  where  the 
oxygen  pressure  is  lower.  Tlience  it  diffuses  into  smaller  bronchioles 
and  alveoli,  where  the  pressure  is  still  lower  {approximately  100  mm. 
mercury).  The  lower  pressure  of  the  capillaries  invites  it  to  pass 
through  the  two  delicate  membranes  which  separate  it  from  the 
lumen  of  the  capillary.  Once  in  the  blood  current  it  is  swept  along 
IS  HbO  to  the  active  cells,  where  the  oxygen  pressure  is  practically 
wro.  Here  the  hfonioglobin  gives  up  its  oxygen,  or  the  oxygen  is 
dissociated,  is  dissolve<l  in  the  cell  pla.sma  in  part,  or  pusses  directly 
into  the  liiing  cells,  where  it  is  at  once  cheniieally  combined  in  the 
cell  metalMilism. 

But  the  bloo<],  now  robl)ed  of  oxygen,  is  in  the  pri'senec  of  very 
high  CO,  pressure,  the  hiemoglobin  Is  instrumental  in  holding 
chemically  a  certain  amount— let  us  say,  prtnisiunally,  as  llbCO,; 
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the  rest  is  taken  up  in  simple  solution  in  the  plasma.     Thus  laden 
the  blood  is  brought  back  to  the  air  cells  of  the  lung,  where  the  haemo- 
globin at  once  releases  the  COj  and  takes  up  oxygen,  forming  agaiik 
HbO.    The  CC)2  after  its  release  from  the  corpuscles  is  in  the  plasma. , 
from  which  it  rapidly  diffuses  into  the  alveoli,  because  of  the  lo^bJ 
CO2  pressure  there.     The  relations  may  also  be  expressed  thu^ 
O  pressure  in  tidal  air  (158  mm.)  >  O  pressure  in  reserve  air  ^ 
O  pressure  in  residual  air  (100  mm.)   >   O  pressure  in  capillar 
(30  mm.)  >  O  pressure  in  tissues.    COj  pi^essure  in  tidal  air  0.3  mi 

<  CO2  pressure  in  reserve  air  <  COj  pressure  in  residual  air  (23  mm. 

<  CO2  pressure  in  capillary  (41  mm.)  <  COj  pressure  in  tissue=- 
(58.25  mm.). 

Reichert  (American  Text-book  of  Physiology,  p.  526)  uses  th^ 
following  very  effective  method  to  show  why  the  O  passes  from  th^ 
alveoli  of  the  lungs  into  the  blood  and  COj  in  the  reverse  direction: 

O  CO2 

Tension  in  alveolar  air  100  23 


Pulmonarv  niomhrane 


I        t 


Tension  in  venous  blood  22  -|-  41  -f- 

Ahsorbed  by  venous  blood  7.2   vol.   % ;    lost  8.2  vol.  %. 

In  a  similar  way  he  shows  graphically  why  the  diffusion  currents 
are  reversed  in  the  tissues: 

O  (X), 

Tensions  in  arterial  blood  29.04  21.28 


Bloodvessel  walls 


I  ■     t 


Tensions  in  tissues  0.0  58.25 

Iwost  in  tissues  7.2  vol.  %;  gained  8.2  vol.  %. 

Having  defined  the  external  and  the  internal  respiration  and 
having  shown  the  forces  which  operate  in  the  movements  of  the  gases 
of  respiration,  it  remains  to  treat  briefly  the  relation  of  cell  respiration 
to  general  cell  metal)olism.  This  has  lK»en  done  in  some  detail 
under  General  Physiology,  so  that  a  brief  summary  is  all  that  is 
here  required. 

Summary  of  the  Principles  of  Cell  Respiration. 

(1)  The  increase  of  the  supply  of  oxygen  does  not  increase  the 
activitv  of  the  cell  or  tissue. 

Oi)  'llie  increase  of  cell  activity  is  accompanied  by  an  increase 
of  need  for  oxygen  followed  by  an  increase  of  the  supply  of  oxygen. 

(hi)  'i^ie  amount  of  C()2  given  off  by  the  cell  is  proi)ortional  to 
its  activity;  and  is,  therefore,  a  meaaure  of  cell  dctiviiy, 

fiv)  Cell  activity  takes  the  form  of  Uhcraiion  of  energy.  This  energy 
is  the  potential  energy  of  cell  protoplasm  (or  energy  pnxlucing 
material  held  by  the  protophusm — see  Metabolism)  and  is  Ulcerated 
not  by  direct  oxidation,  as  in  combustion,  but  by  indirect  oxidation. 
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By  integration  of  O  a  force-jdelding  storage  substance  is  formed." 

iUer.) 

\y  disintegration  of  this  substance  carbon  dioxide  is  liberated  in 

ipany  with  other  material  katabolites  and  energy  in  the  form  of 

t,  work,  and  electricity. 

I 

C.   THE  CONTROL  OF  THE  RESPIRATION. 

1.    INNERVATION  OF  THE  RESPIRATORY  ORGANS. 

a.  Oeneral  Experiments  and  Conclusions. 

L  disse<*tion  of  the  respiratory  system  would  reveal  the  presence 
:he  intercostal  nerves,  one  just  posterior  to  each  rib,  giving  off 

branches  to  the  intercostal  muscles;  followed  toward  the  central 
v^ous  system,  these  nerve  trunks  are  found  to  emerge  from  the 
lal  cord  by  two  roots,  an  anterior  nerve  root  and  a  posterior 
k'e  root.  One  would  find  the  diaphragm  supplied  by  a  pair  of 
pe  nerves,  which   may  he  traced   up  through  the  mediastinum 

of  the  thorax  into  the  deep  muscles  of  the  neck,  where  they 
found  to  be  a  part  of  the  cervical  plexus  and  to  arise  from  the 

IV  and  V  cervical  nerve  roots;  these  are  the  phrenic  nerves, 
ther,  we  remember  that  the  vagus  gave  off,  l^sides  the  cardiac 
nches,  the  superior  laryngeal  and  inferior  laryngeal,  and  the 
aining  trunk  is  largely  distributed  to  the  tissue  of  the  lungs, 
jgh  a  part  of  the  trunk  extends  into  the  alxlomen.  If  we  follow 
(listribution  of  the  vagus  in  the  lungs  we  will  find  that  its  branches 
T  the  root  of  each  lobe,  and  arc  distribute<l  aUmgthe  air  passagi»s 
plying  the  mucous  membrane  and  the  involuntary  muscles  of 

bronchioles.  Physiologic  experiment  alone  can  determine  the 
on  of  these  different  nerves. 

.  Experiments. — (i)  Cut  one  or  more  of  those  lower  intercostal 
»es  which  supply  the  alxlominal  muscles;  the  muscles  will  cease 
wt  in  expiration. 

ii)  Cut  one  or  more  of  those  upptT  intercostal  nerves  which  supply 
external  and  internal  intercostal  muscles;  the  muscles  in  question 
«?  to  act — J.  €,,  the  external  intcrcostals  cease  to  elevate  the  ribs 
nspiration  and  the  internal  intcrcostals  cease  to  depress  the  ribs 
'xpiration. 

ii)  Cwi  the  posterior  nerve  roots  of  any  of  the  inten'ostal  nerves; 
results  al>ove  observed  in  cutting  the  whole  nerve  trunk  are  not 
hI  in  this  case. 

v)  Cut  the  anterior  nerve  roots  of  any  of  the  nerves  in  cjuestion; 
result  is  the  same  as  if  the  whole  trunk  were  severt»d. 
r')  Cut  the  phrenic  nerv(»;  the  diaphragm  ceases  its  active  move- 
its,  though  it  will  continue  to  move  passively  so  long  as  the 


246  SPECIAL  PHYSIOLOGY 

respiratory  movements  are  kept  up  through  the  agency  of  the  inter^ 
costals. 

(vi)  Cut  the  vagi;  inspiration  is  deeper  and  the  respiratory  move- 
ments slower. 

(vii)  Cut  the  superior  laryngeal;  a  tickling  of  the  larynx  will  no's 
cause  coughing  expiration. 

(viii)  Cut  the  inferior  or  recurrent  laryngeal;  all  contractions  of 
glottis  and  tracheal  muscles  cease. 

(ix)  Cut  the  spinal  cord  just  above  the  first  intercostal;  all  respir- 
atory movements  of  the  ribs  and  of  the  abdominal  muscles  cease. 

(x)  Cut  the  spinal  cord  just  posterior  to  the  medulla  oblongata; 
all  respiratory  movements  of  the  ribs,  diaphragm,  and  abdominal 
muscles  cease,  but  the  glottis,  larynx,  and  nostrils  will  make  spasmodic 
inspiratory  movements. 

(xi)  Cut  or  sever  brain  from  medulla,  everything  else  being  intact; 
the  rhythm  and  the  depth  of  the  respiratory  movements  are  not  dis- 
turbed.   Excite  the  animal;  no  change  or  depth  of  rhythm. 

(xii)  Separate  the  two  lateral  halves  of  the  medulla  by  sagittal 
incision  in  the  median  line.  The  respiration  continues  as  before, 
but  destruction  of  one  side  of  the  medulla  causes  respiratory  move- 
ments to  cease  on  that  side. 

2.  Conclusions  from  These  Experiments  in  Order.— (i)  Th( 

lower  intercostal  nerves  carry  motor  fibres  of  expiration. 

(ii)  The  upper  intercostal  nerves  carry  motor  fibres  of  both  inspi- 
ration and  expiration. 

(ill,  iv)  The  moter  fibres  out  of  the  spinal  cord  via  the  anterioi 
nerve  roots. 

(v)  The  phrenic  nerve  is  the  motor  nerve  of  the  diaphragm,  and 
therefore,  a  motor  nerve  of  inspiration.  Each  phrenic  innervates 
the  corres|>on(ling  side  of  the  diaphragm. 

Any  of  these  conclusions  may  be  verified  by  stimulating  the  dista 
end  of  any  of  the  cut  nerves;  in  every  case  the  muscles  supplied  wil 
contrac^t,  showing  the  nerves  to  be,  in  part  at  least,  efferent  motoi 
nerves. 

(vi)  From  experiment  (vi)  it  is  difficult  to  say  exactly  what  th< 
function  of  the  vagus  is.  Inasmuch  as  the  nerve  is  supplied  largeh 
to  mucous  membranes,  we  cannot  expect  it  to  be  motor  in  its  action 
Suppose  the  distal  end  be  stimulated;  no  very  noticeable  change  take; 
place.  Now  stimulate  the  central  end;  respiratory  movements  an 
at  once  ailected.  A  carefully  adjusted  stimulus  of  the  central  ends  ma; 
lead  to  normal  respiratory  movements.  A  strong  stimulation  to  th 
central  end  of  the  vagus  will  lead  to  a  more  rapid  fate  of  respirator 
movements  and  a  final  standstill  of  the  diaphragm  either  at  the  em 
of  expiration  or  inspiration — ?'.  r.,  diaphragm  either  in  tetanus  or  ii 
paralysis,  lliese  results  prove  the  vagus  to  carry  afferent  or  senson 
fibres,  and  the  ambiguous  results  may  be  accounted  for  as  the  resul 
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of  two  kinds  of  tenaory  fibres,  one  kind  stimulating  the  inspiratory 
centre  and  another  kind  stimulating  the  expiratory  centre. 

(vii)  The  superior  laryngeal  is  a  sensory  nerve  stimulating  explosive 
expiratory  acts. 

Flo.  IM 
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IbcaxplntoiT  miucla  of  lbs  ■bdomen.  All  ciiWnraiu  Hnanry  dcttm  aobcl  Iha  retpintorr 
centra.    K>h]  wniorT  mk|r  pmlplMle  ■neeiInK  or  otherwlH  tl^el  nsplmtlon. 

(viii)  The  recurrent  laryngeal  is  the  motor  nerve  of  the  glottis 
and  of  laryngeal  and  tracheal  mu.scles.  Stimulation  of  the  distal  end 
confirms  the  conclusions,  for  the  muscles  of  this  region  contract 
vigorously. 
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(ix)  The  respiratory  centre  for  intercostals  and  alxiominal  muscli's 
is  above  the  dorsal  cord. 

(x)  The  general  respiratory  centre  is  not  posterior  to  the  medulla. 

(xi,  xii)  The  general  respiratory  centre  is  not  anterior  to  the 
medulla.     The  centre  is  located  in  ih£  medulla,  in  the  floor  of  the 
fourth  ventricle,  just  posterior  to  the  cardioinhibitory  centre.     It 
is  found  to  he  syrametrically  located  in  the  two  lateral  halves;  though 
these  communicate  and  act  in  harmony  they  may  be  separated  aii<^ 
still  act  synchronously,  but  may  be  made  to  act  inharmoniously  bjf 
special  stimulation  of  one-half.     Each  half  is  further  believed  t^ 
consist  of  an  inspiratory  and  of  an  expiratory  nucleus.    From  expert  "^ 
ments  (x)  and  (xi)  it  is  clear  that  the  centre  is  aviomatic,    Froif^ 
experiments  (vi)  and  (vii)  it  is  shown  that  the  centre  is  also  reflex. 

b.  The  Action  of  the  Respiratory  Centre. 

1.  Through  its  Automatic  Action  the  centre  would  send  inter- 
mittent spasmodic  inspiratory  or  expiratory  impulses  along  the 
efferent  nerves  to  the  respiratory  muscles.  The  automatic  action 
of  the  respiratory  system  is  analogous  to  that  of  the  circulatory 
system. 

2.  Direct  Stimulation  may  be  accomplished  through  the  influence 
of  blood  supply,  (a)  The  Influence  of  CO^  and  0  in  the  Blood  Supply. 
In  this  connection  we  remember  that  the  cardiac  centre  in  the  medulla 
is  affected  by  the  quantity  and  quality  of  the  blood  which  it  received 
from  the  heart  through  the  carotid  and  vertebral  arteries.  In  a 
similar  way  the  respiratory  centre  is  affected  by  blood  from  the  same 
source.  In  this  case  the  (juality  of  blood  is  of  more  importance  than 
the  quantity — /'.  e.,  \t  is  the  quantity  of  oxygen  and  carbon  dioxide 
whicli  stimulates  the  centre.  The  inspiratory  acts  as  modified  by 
the  stimulating  presence  of  an  excess  of  CO^  in  the  respiratorj-  centre, 
while  the  respiratory  are  less  affected  by  the  CO  of  the  blood  until  this 
accumulates  to  an  abnormal  degree;  even  then  it  may  be  rather  lack 
of  oxygen  than  excess  of  CO,  which  causes  the  change  in  the  respir- 
atory movements.  Frederick  performed  a  most  interesting  experi- 
ment with  two  dogs,  '^rhe  vertebral  arteries  were  ligated;  the  carotids 
of  dog  A  were  joined  through  cannula*  to  the  distal  end  of  those  of 
dog  H,  and  those  of  dog  B  coiniected  with  those  of  dog  A,  so  that  blood 
of  dog  A  circulated  in  the  head  of  dog  B  and  vice  versa.  The  experi- 
ment consisted  in  suddenly  closing  the  trachea  of  dog  A;  after  a  few 
moments  dog  B  In^gan  to  gasp  for  breath.  The  reason  is  clear; 
the  excess  of  (X),  from  the  circulation  of  dog  A  stimulated  the  respi- 
ratory centre  of  dog  B,  leading  to  his  much  increased  respirator}^ 
movements. 

(/?)  The  Influence  of  the  Temperature  of  the  Blood  Supply.  If  the 
carotid  arteries  of  a  dog  be  enveloped  in  ice  the  respirations  decrease 
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in  rate;  if  enveloped  in  cotton  saturated  with  water  several  degrees 
above  blood  temperature,  the  rate  will  be  noticeably  increased. 

The  common  observation  of  increased  rate  in  fevers  is  another 
illustration  of  the  same  thing. 

3.  Reflex  Stimulation  of  the  centre  is  an  important  factor  in  the 
control  and  rhythm  and  depth  of  the  respiratory  movements. 

(a)  The  Direct  Vagus  Influence  is  of  first  importance.  When 
tlie  lungs  become  distended  to  a  certain  degree  the  sensory  fibres 
of  the  vagus  send  an  impulse  to  the  centre  which  precipitates 
aui  expiration.  Again,  an  impulse  from  the  superior  laryngeal  may 
oause  a  spasmodic  contraction  of  the  abdominal  muscles  causing  a 
oough.  Certain  irritating  gases,  CI,  SO^,  etc.,  affect  these  sensory 
nerves  of  the  nose  and  larynx,  and  cause  the  centre  to  block  all 
respiration.    Such  gases  are  called  irrespirable. 

(/5)  Indirect  Reflex  Stimulation  of  the  respiratory  mechanism  may 
Vye  correctly  so  distinguished  because  the  respiratory  act  is  induced 
or  influenced  by  impulses  from  nerves  only  indirectly  connected  with 
the  respiratory  mechanism.  A  sudden  dash  of  cold  water  will  cause 
an  inspiration.  When  a  child  is  being  delivered  feet  first  at  birth 
care  must  be  taken  that  the  delivery  be  made  rapidly,  or  that  the 
body  be  protected  from  draughts  of  air,  for  the  stimulation  by  the  air 
may  cause  inspiration  and  the  child  may  draw  the  respiratory  passages 
full  of  mucus,  which  will  greatly  complicate  the  induction  of  normal 
respiration. 

4.  Cerebral  or  Volmitary  Influence  on  the  Respiration. — Besides 

the  automatic  action  and  the  reflex  influence  of  the  centre,  there  is 
a  marked  influence  from  the  cerebrum.  In  fact,  if  one  gives  his 
attention  to  it  he  may  govern  his  respiratory  movements  as  to  rhythm 
and  depth  up  to  a  certain  point.  Certain  states  of  mind  may  modify 
respiration — coughing,  crying,  sighing,  etc.  One  cannot,  however, 
voluntarily  stop  respiration  long  enough  to  take  his  life.  The  accumu- 
lated impulses  finally  become  too  strong  to  be  controlled  by  the  mind 
and  the  diaphragm  descends. 


2.    UNUSUAL  RESPIRATORT  CONDITIONS. 

In  contradistinction  to  the  usual  and  normal  respiration,  which 
is  called  Eupn(EA,  there  are  several  conditions  which  deserve  mention. 

1.  ApnOBa. — Complete  cessation  of  respiration.  One  can  **holcl 
his  breath"  much  longer  if  he  precedes  his  efforts  by  a  scries  of 
rapid,  deep  breaths.  If  the  air  l)e  vigorously  and  rapidly  forced 
into  the  lungs  of  an  animal  by  artificial  respiration  for  a  minute, 
some  time  will  elapse  l)efore  the  animal  evinces  any  tendency  to 
breathe.  The  most  natural  inference — that  he  has  oxygen  enough 
to  last  a  minute  or  two — is  not  the  correct  inference,  for  experiment 
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has  shown  that  the  blood  may  accumulate  a  marked  excess  of  CO, 
before  the  centre  is  able  to  overcome  inhibition,  which  it  is  receiving 
from  some  source.  And  what  source?  From  the  overstimulated 
sensory  ends  of  the  vagus. 

2.  HyperpnOBa. — ^Usually  deep  breathing,  such  as  one  is  led  to 
from  too  strenuous  muscular  exertion. 

3.  Dyspnoea. — ^Painful  breathing.  All  conditions  which  diminish 
the  O  or  increase  the  CO,  in  the  blood  circulating  through  the 
medulla,  if  carried  beyond  a  certain  point,  produce  a  labored  respi- 
ration, which  can  no  longer  be  recognized  as  hyperpnoea.  All  the 
phenomena  of  extreme  forced  respiration,  together  with  signs  of  the 
greatest  discomfort,  or  even  pain,  make  up  the  symptom-complex  of 
dyspnoea.  It  is  not  an  infrequent  symptom  of  disease,  and  may  occur 
under  the  following  cpnditions: 

(a)  Direct  Limitation  of  the  activity  of  the  respiratory  organs: 
(i)  DiminiUion  of  respiratory  surface,  as  in  pneumonia,  or  acute 
(Edema  of  lungs,  (ii)  Entrance  of  air  or  fluid  into  pleural  cavities 
— pneumothorax  and  hydrothorax.  (iii)  Obstruction  of  trachea  or 
larynx:  croup,  strangulation,  etc.  (iv)  Contraction  of  bronchioles — 
asthma. 

{}))  Enfeeblement  of  Oircnlation.  (i)  In  degeneration  of  heart 
muscle,     (ii)  Valvular  disease  of  heart. 

4.  Asphyxia. — ^ITiis  term  is  used  to  express  the  condition  of 
collapse  after  a  failure  of  the  system  to  get  O  or  to  eliminate  CO,. 
Such  a  condition  is  always  preceded  by  (i)  Hyperpnway  (ii)  DyspnorOt 
and  (hi)  Convulsions,  I)eath  by  asphyxia  occurs  in  four  stages, 
the  three  just  noted,  followed  by  collapse  and  death.  The  term  is  used 
to  indicate  death  by  drowning,  by  suffocation,  by  strangulation,  etc. 


Z).  THE  LARYNX. 

1.    SUMMARY  OF  THE  ANATOMY  OF  THE  LARYNX. 

From  the  standpoint  of  the  physiologist,  the  following  anatomic 
facts  are  important: 

a.  The  Skeleton  of  the  Larynx. 

Tlic  sk(4etal  foundation  of  the  larynx  consists  of  nine  cartilages, 
of  which  five  are  physiologically  important. 

1.  Th3n:oid  Cartilage.— This  is  the  largest,  and  it  gives  to  the 
larynx  its  characteristic  shape.  The  prominent  anterior  aspect  of  this 
cartilage  may  be  felt  in  the  throat.  The  flattened  sides  make  it 
evident  that  a  cross-section  of  the  larynx  would  reveal  for  the  thyroid 
a  triangular  outline,  with  apex  forward.  The  posterior  segment  is 
absent. 
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2.  The  Cricoid  Cartilage. — This  is  a  complete  ring  fitted  inside 
and  below  the  thyroid,  to  whose  inferior  cornea  it  is  articulated 
laterally.  The  anterior  aspect  of  the  cricoid  is  narrow,  while  the 
posterior  aspect  is  wide,  coming  well  up  into  the  thyroid  space. 

3.  The  Arytenoid  Cartilages. — ^These  cartilages  are  attached  to 
the  upper  posterior  margin  of  the  cricoid  cartilage.  The  general  outline 
of  one  of  these  cartilages  is  approximately  triangular,  and  the  artic- 
ulation is  such  as  to  allow  the  cartilages  to  rotate  around  an  axis 
parallel  to  the  axis  of  the  larynx,  moving  in  a  plane  at  right  angles 
to  the  axis  of  the  larynx.    When  the  arytenoids  are  in  a  position  of 
rest,  one  side  coincides  approximately  with  the  anteroposterior  line 
of  the  larynx.    The  anterior  angle  serves  for  the  attachment  of  the 
vocal  cords  and  is  called  the  processus  voccdis. 

The  axis  of  rotation  of  the  two  arytenoid  cartilages  is  displaceable. 

4.  The  Epiglottis. — ^This  is  a  thin,  spatulate  cartilage,  above  the 
anterior  superior  margin  of  the  thyroid;  its  principal  function  seems 
to  be  the  protection  of  the  larynx  during  deglutition. 

b.  The  Muscles  of  the  Larynx. 

There  are  five  muscles  or  pairs  of  muscles  which  are  important  to 
^he  physiologist: 

1.  nie  Transverse  Arjrtenoid  Muscle.— This  passes  from  one 

^rjlenoid  cartilage  to  the  other.  Its  contraction  tends  to  draw  these 
■Kxiies  toward  the  median  line. 

2.  The  Posterior  Cricoarsrtenoids.— Each  of  these  two  muscles 

has  its  origin  on  the  cricoid  cartilage.  After  passing  upward  and 
Outward  each  is  inserted  into  an  arytenoid  cartilagt*.  Contraction 
ot  these  muscles  tends  to  rotate  the  arytenoid  cartilages  upon  their 
axis,  so  that  the  processus  vocalis  is  abducted,    (See  Fig.  135,  P,C,A.) 

.3.  The  Lateral  Cricoarytenoids.— The  origin  is  on  the  inner 

lateral  aspect  of  the  cricoid  cartilage.  Passing  upward  and  backward, 
each  is  inserted  into  the  outer  aspi*ct  of  the  corresponding  arytenoid. 
Contraction  of  these  muscles  tends  to  ad  duct  the  processus  vocalis. 
(See  Fig.  135,  LX\A,) 

4.  The  Th3rroar3rtenoid  Muscles  arise  from  the  inner  anterior 
aspect  of  the  thyroid,  and  pass  directly  back  in  the  plane  of  the  vo(*al 
chords  to  he  inserted  into  the  outer  anterior  side  of  the  arytenoids. 
C>ontraction  of  the  thyroarytenoids  alone  would  ailduct.  This  pair 
of  muscles  is  involved  especially  in  the  *' fixing"  of  the  arytenoid 
cartilages. 

5.  The  Cricoth3rroid  Muscles  arise  on  the  lower  ]K)sterior  part 
of  the  thyroid  cartilage,  externally,  and  pass  downward  and  forward 
to  be  inserte<l  into  the  cricoid  cartilage.  (Contraction  of  these  muscles 
lifts  the  anterior  segment  of  the  cricoid  cartilagt*,  or  at  least  draws 
the  anterior  segments  of  the  thyroid  and  cricoid  cartilages  nearer 
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together.  The  result  of  this  is  to  carry  the  upper  posterior  marpn 
of  the  cricoid  cartilage  farther  away  from  the  upper  anterior  part  o( 
the  thyroid  cartilage.  In  other  words,  to  increase  the  distance  bttmn 
the  two  points  of  attachment  of  the  vocai  cords.  The  cricothyroids  ate 
tensors  of  the  cords. 

c.  The  Innervatioii  of  the  Larynx. 

(a)  The  Sensory  Nerve  of  ■  the  larynx  is  the  superior  JaryngrO^ 
branch  of  the  vagus, 

(6)  The  Hotoi  Innervation  is  through  the  inferior  laryngeal  t*:^^ 
all  the  muscles  except  the  Cricothyroid — i.  e.,  the  tensors  of  th»  * 
cords.  These  muscles  are  innervated  by  the  superior  larynge*.  ■ 
From  this  it  is  clear  that  with  loss  of  sensation  of  the  larynx  there  »  - 
loss  of  proper  phonation. 


2.  THE  HE0HAHI08  OF  THE  LAKTIIZ. 


fn  the  diagrammatic  representation  of  the  larynx  as  seen  fron^ 
almve— (.  e.,  in  line  of  its  axis — note  especially  the  following  featuresr 
7.0'.  =  Thyroid  cartilage. 
S.Cr.C'.  =  Superior  cornu  of  the  thyroid  cartilage. 

F,„  135  ^■^-  =Cricoid  cartilage,  pos- 

terior superior  aspect. 

,1.C  =  Arytenoid  cartilage. 
x.  =  Axis  of  articulation  of  an 
arytenoid  cartilage. 

7'./l.  =  Thyroarytenoide|is 
muscle, 
A .  =  Arytenoideus  muscle. 
I'.C.A,  =  Post.     Cricoarv-teii- 
oicieus.     (See  also  Fig.  13li.) 

L.C.I.  =  Lateral  Cricoarjten- 
oi dens  muscle.  (See  also  Fig. 136.) 
I'.C,  the  vocal  cords,  are  at- 
tached anterioriy  to  the  innej 
surface  of  the  upper  anterior 
segment  of  the  thyroid  cartilage 

lll.B™ii,niaH<-™|.rweiil.lW^M.f  Hit  Itryax  ox       ^^I  posteriorly  tO  the   prOCCSSUS 

vocalis  of  the  two  arytenoid 
curtilages,  res|H'ctivcly,  Fn>m  the  fig\ire  given  it  would  seem  that 
the  .\ryteiioideus  anil  I'osterior  Cricoarytenoidei  would  act  together 
in  mtafing  tlie  arytenoid  cartilage  about  the  axis  x  in  the  direction 
of  tliej'iirnnv  a.  Also  thiit  the  thyroaryteiioidei  and  the  lateral 
crieoaryteiioitlei  wouUl  act  together  in  the  reversed  rotation  as  indi- 
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rated  by  the  arrow  6;  furthermore,  that  the  first  action  would  tend 
to  separate  the  vocal  cords,  while  the  second  would  approximate 
them. 

But  this  is  only  a  part  of 
the  truth.  The  axes  of  ro- 
tation of  the  arytenoid  car- 
lilaj^s  are  not  fixed;  they 
are  diavlaceabU. 

I.  nie  Abduction  of  the 
fflottiB.— In  the  three  dia- 
grammatic figures  (Fig.  13S, 
-^»  the  continuous  lines  rep- 
fpsont  the  larynx  at  rent — 


r^tcral  view  or 


I.e.,  in  the  position  which  the  parts  assume  during  (juiet  breath- 
ing. Fig,  13.S,  ,(.  shows  in  the  dotted  lines  the  position  produ<e<i 
liy  a  contraction  ■  of  the  posterior  criconrytenoii!  muscles.  Tlie 
amennid   cartilages   have    been   rotated   outward,   the   axes   have 
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been  displaced  outward,  and  the  opening  has  changed  from  triangular 
to  pentagonal.  This  position  is  assumed  in  deep  inspiration.  TTiese 
muscles  are  sometimes  called  abductors  of  the  glottis,  because  they 
separate  the  lateral  boundaries  of  the  glottis  from  the  median  line. 

2.  The  Adduction  of  the  Glottis. — Adduction  of  the  lateral  bound- 
aries of  the  glottis  may  be  accomplished  in  two  ways: 

(a)  Adduction  by  Rotation  of  the  arytenoid  cartilages  on  their 
axes  and  approximation  of  vocal  cords  alone.  This  is  done  by  the 
Thyroarytenoidei  muscles  acting  alone  or  in  conjunction  with  the 
lateral  Cricoarytenoidei.     (Ses  Fig.  138  C.) 

(/?)   Adduction  by  Displacement  of  the  arytenoid  cartilages 
toward   the  median  line,   by  the  contraction  of  the  Arytenoidev^ 
muscle,  supplemented  by  the  Thyroarytenoidei  and  the  Inieral  Crico^ 
arytenoidei.    The  action  of  the  last  muscles  being  clearly  to  overcom^^ 
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Diagmm  showing  the  action  of  the  laryngeal  muscles. 


tlic  tendency  of  the  Arytenoideus  to  rotate  the  tips  of  the  cartilages 
outward.  This  second  form  of  adchiction  completely  closes  the 
larynx,  and  the  groups  of  muscles  which  perform  the  act  are  often 
called  the  Sphincters  of  the  Larynx.     (See  Fig.  138,  B!) 

3.  The  Tension  of  the  Vocal  Cords  necessary  to  the  production 
of  sound  is  brought  about  by  the  combined  action  of  the  adductors 
(fc),  which  simply  approximate  the  cords,  and  the  Cricothyroidei, 
whose  contraction  brings  the  ventral  edges  of  the  cricoid  and  thjToid 
cartilages  nearer  togt^ther,  separates  their  dorsal  aspects,  and  thus 
puts  the  vocal  cords  on  the  stretch. 

4.  The  Levers  of  the  Larynx  are  levers  of  the  first  class. 


3.  THE  ACOUSTICS  OF  THE  LARTNX. 


The  larynx  is  a  musical  instrument  supplied  with  a  device  for 
setting  the  air  into  vibration.     The  air  thus  set  to  vibrating  is  not 
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imply  the  air  that  is  being  emitted  from  the  respiratory  organs, 
lut  the  air  which  fills  the  air  passages  of  the  lungs.  Even  the  tissues 
f  the  chest  and  head  participate,  to  a  limited  extent,  either  as 
esonating  or  as  reflecting  surfaces.  The  rate  of  vibration  is  deter- 
lined  wholly  by  the  vocal  cords  acting  as  vibrating  strings.  The 
itch  of  voice  depends,  then,  solely  upon  the  vocal  cords,  while  the 
mbre  or  quality  depends  upon  the  size  of  the  chest  and  the  size  and 
pace  relations  of  those  parts  of  the  respiratory  passages,  including 
tie  mouth,  external  to  the  vocal  cords. 

How  does  the  pitch  of  the  voice  vary?  We  have  only  to  apply 
lie  laws  of  the  transverse  vibrations  of  strings  to  the  solution  of  the 
»roblem.  If  we  let  /  equal  the  length  of  the  string,  r  its  radius, 
I  its  density,  /  the  tension  with  which  it  is  stretched,  and  N  the 
lumber  of  vibrations  per  second,  we  would  have  the  following 
ormula  (for  derivation  see  Physiological  Acoustics): 

^ow  t:  and  2  may  be  discarded  when  we  express  it  as  a  variable, 
o  we  would  have: 


(2)  N  varies  as 


rl    \  d 


iVe  see,  then,  that  the  number  of  vibrations  per  second — i.  e.,  the 
ritch  of  the  voice — depends  upon  four  variables,  and  we  may  express 
hem  separately  thus: 

{V)  N  varies  as       ;  (II)  A'^  varies  as    .  ; 

(III)  iV  varies  as  v''  / ;  (IV)  A'  varies  as  ^/  -  . 

rhese  laws  apply  to  the  human  voice  in  the  following  manner: 
(a)  The  "pitch  varies  inversely  as  the  radius  of  the  vocal  cord, 

(A'^  varies  as        h 

but  the  radius  of  the  vocal  cord  varies  with  (i)  age,  becoming  thicker 
with  advancing  age;  (ii)  with  sex,  being  thinner  in  females  than  in 
males;  (iii)  besides  these  general  variations  of  pitch  which  depend 
upon  age  and  sex  there  are  individual  differences  which  lead  to 
difference  of  pitch  in  two  persons  of  the  same  age  and  sex. 
(ji)  The  pitch  varies  inversely  as  the  length, 

f  N  varies  as       V 

The  length  of  the  vocal  cords  vary  with  (i)  age,  for  they  take  a  part 
in  the  general  lx)dy  growth.  They  vary  also  (ii)  with  sex,  reaching 
in  the  average  man  a  length  of  15  mm.,  while  in  women  they  are  hut 
11  mm.  in  average  length. 
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(y)  The  pitch  varies  as  the  square  root  of  the  tension  {N  varies  as 

vt).  The  tension  varies  solely  with  the  muscular  activity  of  the 
muscles  of  phonation.     (See  above.) 

It  may  be  interesting  to  note  here  that  in  raising  the  pitch  of  the 
voice  voluntarily  from  any  chosen  key-note  to  its  fifth — i.  e,,  from  do 
to  sol — whose  number  of  vibrations  would  represent  the  ratio  |  when 
compared  with  the  key-note,  it  would  require  a  tension  of  f  the 
original  tension,  or  2 J  times  the  original  tension  to  produce  IJ  times 
the  original  number  of  vibrations  per  second.  From  this  it  is  evident 
that  the  production  of  high  notes  must  be  a  severe  physical  tax  upon 
the  muscles  of  phonation. 

(<5)  Pitch  varies  inversely  as  the  square  root  of  the  density, 

I N  varies  as  ^---  J . 

But  in  the  human  vocal  cords  there  is  no  essential  variation  in  the 
density  of  the  vocal  cords  with  age,  sex,  or  other  variable  factors;  so 
that  this  law  does  not  apply  to  the  larynx,  though  it  does  to  other 
musical  instruments. 

4.  THE  VOICE:  PHONATION. 

Man  possesses  the  function  of  phonation  in  its  highest  form. 
All  animals  which  possess  a  voice  are  able  to  use  it  in  expressing, 
to  their  associates,  the  various  emotions  and  passions  which  move 
the  animal  mind.  In  most  of  the  higher  mammals  phonation  takes 
on  two  forms:  (i)  Articulate  phonation,  in  which  the  voice  comes 
in  short  vowel  tones  with  consonants  marking  the  beginning  of 
the  tone  (the  dog's  **l)ow-wow,*'  the  cat's  "meaw,"  the  cow's 
**mr)o").  These  are  all  words;  they  are  used  to  express  tlie  passions, 
the  emotions,  or  the  desires  of  the  animals.  Man  possesses  a  series 
of  these  monosyllabic  race  words  which  take  the  form  of  exclamatory 
grunts,  cries,  shrieks,  cooings,  guffaws,  etc.,  through  which  every 
passion  of  tlie  human  soul  is  instantly  made  known  to  every  member 
of  the  genus  Homo  within  range  of  the  voice.  Most  races  have 
developed  articulate  phonation  into  a  complicated  succession  of 
articulated  sounds  called  speech,  through  the  agency  of  which  various 
shades  of  meaning  may  be  communicated  to  one's  associates,  and  a 
sustained  and  continuous  succession  of  ideas  be  communicated  to  the 
hearers,  (ii)  Unarticulated  continuous  phonation  or  song,  used 
prinuirily  in  the  expression  of  the  more  pleasurable  emotions,  also 
of  pathos. 

a.  Speech. 

Hie  highest  form  of  articulate  phonation  is  called  speech.  The 
simpl(\st  existen(*e  of  a  memlMT  of  civilized  society  requires  of  an 
in(livi(hial  a  vocabulary  of  300  to  500  words  in  the  expression  of  his 
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thoughts — emotions,  desires,  etc.  Some  individuals  use  in  the  course 
of  a  year  many  thousand  difTerent  words  in  the  expression  of  their 
thoughts.  The  full  vocabulary  is  no  greater  tax  upon  the  vocal 
apparatus  than  is  the  scanty  one,  because  no  one  language  possesses 
more  than  30  to  50  different  elementary  soimds;  and  words  represent 
various  combinations  of  these  elementary  sounds.  Elementary  sounds 
are  made:  (i)  either  with  open  organs  of  articulation,  and  modified 
in  quality  by  various  positions  of  the  resonating  surfaces,  vowels; 
(ii)  or  with  the  articulating  organs:  lips,  tongue,  teeth,  and  palate 
obstructing,  more  or  less,  the  passage  of  the  sound  or  breath,  conso- 
nants. In  one  sense  speech  consists  of  a  series  of  vowel  sounds 
separated  from  each  other  (articulated)  or  joined  to  each  other  by 
a  series  of  consonants. 

The  Vowels  of  the  English  language  are  a,  e,  i,  o,  u.  Konig  gives 
the  fundamental  vowel  positions  of  the  modifying  organs  as  resulting 
in  the  five  vowel  sounds:  o6,  o,  ii,  a,  e.  All  other  English  vowel  sounds 
are  formed  of  combinations  or  modifications  of  these  fundamental 
tones.  The  English  i  (long  i)  is  a  combination  of  a,  e;  the  English 
u  (long  u)  is  a  combination  of  e,  oo.  Important  modifications  are 
made  by  changes  in  the  quantity  of  the  vowel  sound.  The  English 
language  has  at  least  seventeen  recognized  vowel  soimds. 

The  Consonants  of  the  language  may  be  classified  on  the  basis  of 
their  acoustic  qualities  as  liquids  or  semivowels:  m,  n,  1,  r,  s,  w,  y*; 
and  mutes,  including  all  the  remaining  consonants.  On  the  basis 
of  the  mechanism  of  formation  consonants  may  be  classified  as: 
(i)  explosives,  as  b,  p,  d,  t,  k,  g;  (ii)  aspirates,  as  f,  v,  w,  s,  th(in), 
I,  sh,  ch,  h;  (in)  vibratives,  as  r;  (iv)  resonants,  as  m,  n,  ng.  Briicke 
gives  the  fundamental  consonant  positions  as  follows :  (i)  articulated 
between  tlie  lips,  labials;  (ii)  articulated  between  tongue  and  hard 
palate,  pakUolingiud;  (in)  articulated  between  tongue  and  back  por- 
tion of  hard  palate  or  the  soft  palate;  (iv)  articulated  l)etween  the  two 
vocal  cords.  (Figs.  139  to  152  illustrate  the  articulation  of  consonants.) 
The  following  table  of  consonants  emlx)dies  the  ideas  of  Briicke 
in  a  form  somewhat  better  adopted  to  the  English  consonant  sounds: 


Oral. 

Nasal. 

Pi.ACB  or  Articulation. 

Momentary. 

Continuous. 

Continuous. 

Aspirates. 
P 

t 

ch 
k 

Vocals. 

Aspirates. 

Vocals. 

Vocals. 

UMftls 

UbtodenUIs  .... 
UDfaodentels  .... 
PftlaColinffuals : 

Antenor  podUoo 

Middle  podtion  . 

Poftarior  podtion 

b 

d 

J 
g 

"f" 
tb(in) 

n 
Bh 

w 

th(e) 

JR.  I 
zh,  r 

y 

m 

n 
ng 

1  y  tometimi  replaces  <  as  a  pure  vowel. 
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The  relation  of  speech  to  the  central  nervous  system  is  iliscussed 
8t  length  under  the  Physiology  of  the  Brain  (q.  v.). 

b.  Song. 

The  musical  scale  is  discussed  under  Physiohgicai  Acoustics  {q,  v.). 
Iliough  the  human  ear  is  able  to  appreciate  a  range  of  musical  tones 
from  a  vibration  rate  of  16  per  second  up  to  16,700  or  33,408  per 
second — i.  e.,  a  range  of  ten  or  eleven  octaves — the  human  voice  ia 
able  to  cover  a  range  or  compass  of  tvjo  octaves  only,  in  rather 
rare  cases  of  three  octaves.  The  two-octave  range  of  the  male 
voice  is  below  that  of  the  female  voice.  The  reason  for  this  is 
discussed  above. 
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PATHOLOGIC  PHYSIOLOGY  OF  RESPIRATION. 

INTRODUCTION. 

From  the  foregoing  pages  it  will  be  properly  inferred  that  the  rate, 
rhythm,  and  character  of  respiratory  movements  depend  very  largely 
u[)on  the  extent  to  which  the  blood  is  oxygenated  as  it  passes  through 
the  lungs;  further,  that  any  marked  inefficiency  in  the  mechanics 
of   respiration   will   of    necessity  decrease*    the  amount  of   oxygen 
available  in  the  lungs,  and  through  stimulation  of  the  respiratory 
centre  in  the  medulla  excite  to  increased    activity  such  accessory 
mechanisms  as  may  be  necessary  to  raise  the  intake  of  oxygen  to  the 
required  standard.    Could  it  Ix^  assumed  that  there  was  but  a  mere 
reciprocal  relation  l)etween  oxygenation  and  a  respiratory  rate,  a  few 
formula*  would  enable  one  in  anv  case  to  determine  with  mathe- 
matical  accuracy  to  what  extent  and  how  the  lungs  were  involved, 
and  whether   the   involvement  was  or  was  not  dangerous  to  life. 
But  there  are  many  other  factors  which  enter  into  this  really  complex 
problem  and  render  its  solution  a  difficult  matter. 

Take,  for  instance,  the  rate  of  respiration  in  lobar  pneumonia,  and 
the  following  questions  might  be  asked:  In  what  manner  and  to 
what  extent  does  the  attenclant  pleurisy  influence  the  rate  and  char- 
acter of  respiratory  movements?  How  do  temperature,  toxaemia,  and 
bactenemia  influence  the  medullary  centres?  "What  is  the  com- 
parative rate  of  diffusion  through  a  healthy  mucous  membrane  and 
one  thickened  by  inflammation  and  covered  by  exudate?  '^Fhese  and 
many  other  ([uestions  which  might  he  asked  along  this  line  serve 
to  show  that  any  problem  in  this  field  may,  to  different  minds,  be 
susceptible  of  different  solutions;  that  while  theories  are  necessary 
in  this  as  in  other  fields  of  investigation,  they  must  be  understood 
to  lx»  of  utility  only  as  working  hypotheses,  to  be  abandoned  if  unten- 
able; that  positive  statements  cannot  be  made  except  where  they  can 
1k»  upheld  by  a  wealth  of  conclusive  experimental  and  clinical  data. 

The  scope  of  this  work  precludes  a  consideration  of  each  respiratory 
disease  as  a  clinical  entity,  since  in  many  of  them  we  find  almost 
identical  pathologic  conditions,  combined  differently  or  occurring  in 
different  secjuence.  Hence,  those  diseases  which  will  be  considered 
as  to  pathology  and  sJ^nptoms  will  be  selected,  not  because  of  their 
absolute  importance  as  diseases,  but  on  account  of  the  pathologic 
conditions  from  which  they  arise  and  to  which  they  give  expression. 
Further,  not  only  will  the  local  pathology  and  symptoms  l^e  con- 
sidered, but  any  systemic  disturbance  arising  from  the  local  lesion 
will  be  discussed. 
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li  the  foregoing  plan  of  study  clearly  in  mind,  it  will  he  well  to 
il  directly  to  the  consideration  of  the  principal  morbid  processes 
ch  the  respiratory  tract  is  subject,  together  with  the  attendant 
oms  of  physiologic  expressions  of  disease,  the  aim  l)eing  to 
ite  each  symptom  with  its  causative  pathologic  process  or 
«es. 

considering  acute  inflammations  of  the  respiratory  tract,  it  will 
te<l  that  the  pathology  is  very  similar  throughout,  the  only 
nces  being  due  to  variations  in  the  histology.  At  the  same 
he  variations  in  symptoms  will  be  shown  to  be  very  largely 
►  the  particular  area  of  mucosa  involved.  In  the  same  manner 
c  lesions  are  due  to  certain  definite  changes  in  structure,  and 
may  occur  at  any  point  along  the  respiratory  tract  and  be 
ned  in  very  complex  fashion.  The  mucosa  may  show  any  of 
lowing  changes:  It  may  l)e  thickened,  a  result  of  proliferation, 
lis  thickening  may  be  general  and  uniform,  or  it  may  he  local- 
n  which  case  poljrpi  or  similar  growths  occur,  as  a  result  of 
re  or  impaired  nutrition  it  may  become  thinned  or  atrophic, 
•    its  nutrition  is  completely  cut  off   necrosis  and  ulceration 

;  submucosa  likewise  may  show  imiform  hypertrophic  or 
>lastic  changes,  or,  if  the  changes  are  not  general,  granular  or 
iry  outgrowths  occur.  After  a  certain  degree  of  hyperplasia 
iveloped,  the  nutrition  becomes  impaired  by  contraction  of 
jw-formed  fibrous  tissue  and  atrophy  necrosis  and  ulceration 

night  be  inferred  from  the  complicated  pathology,  the  symptoms 
onic  respiratory  diseases  are  not  clear-cut,  but  vary  with  the 
?s  in  pathology,  the  extent  to  which  the  tract  is  involved, 
le  causative  or  accompanying  disease.  For  this  reason  it  will 
possible  to  discuss  the  symptomatology  even  briefly,  and  only 
general  statements  will  \ye  made.  The  same  general  rules  as 
which  apply  in  acute  inflammatory  states  may  l)e  considered 
i  true  in  chronic  cases.  The  evidences  of  acute  infection,  of 
,  are  wanting,  but  in  other  respects  the  symptomatology  of 
c  diseases  resemble  those  of  corresponding  acute  conditions, 
more  extended  in  their  course,  and  often  accompanied  by 
c  incurable  systemic  diseases — as  cardiac  or  renal, 
le  from  this,  irritation,  whether  from  secretion  or  irritating  new- 
1  tissue,  produces  cough  and  pain  or  discomfort;  a*dema  or 
her  obstructive  lesion  results  in  dyspnoeas  of  varying  degree; 
t  and  long-continued  coughing  paroxysms  will  cause  dilatation 

bronchi  and  alveoli,  with  a  variety  of  subsequent  changes. 
T,  these  chronic  diseases  may  l)e  but  local  expressions  of 
ic  disorders,  as  syphilis,  tuberculosis,  and  dial)etes. 

functions  of  the  upper  respiratory  passages  are:  (i)  to  transmit 
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air  to  and  from  the  lungs;  (ii)  to  warm;  (iii)  to  filter  the  inspired  air; 
(iv)  to  furnish  a  locus  operandi  for  the  peripheral  apparatus  of  the 
sense  of  smell.  Therefore,  any  disease  affecting  this  part  of  the 
respiratory  tract  will  be  attended  by  some  perversion  of  these  functions 
in  addition  to  the  systemic  effects  of  an  infection  which  may  reasonably 
be  considered  in  most  cases  to  be  a  prime  factor  in  the  production 
of  the  morbid  process.  This  brings  up  for  consideration  a  very 
common  disease  of  the  upper  respiratory  tract — coryza,  or  nasal 
catarrh. 

1.  OORYZA. 

a.  Acute. 

1.  Pathology. — Coryza  is  a  disease  due  probably  to  bacterial 
activity  and  is  characterized  pathologically  by  (i)  catarrhal  inflam- 
mation, (ii)  cederaa,  and  (iii)  venous  engorgement  of  the  nasal  and 
adjoining  mucosa  and  submiicosa:  following  this  occurs  degeneration 
and  desquamation  of  the  cells  of  the  mucous  membrane. 

2.  Symptomatology. — Symptoms  in  a  typical  case  are  (i)  headache; 
(ii)  chilliness;  (iii)  malaise;  (iv)  pains  in  back  and  limbs;  (v)  fever; 
(vi)  stuffy  feeling  in  the  head;  (vii)  partial  or  complete  loss  of  the 
sense  of  vsmell  and  perception  of  flavors,  and  sneezing. 

3.  Physiology. — Of  the  symptoms,  the  headache, chUlinesSyTndaisty 
general  pains  and  the  fever  may  be  safely  ascribed  to  the  systemic 
effects  of  an  infection.  The  stuffy  feeling  in  the  head,  rrumth  breaihing, 
nasal  tones,  loss  of  the  sense  of  smell,  and  inability  to  perceive  flavors 
are  all  due  to  the  swollen,  oedematous  condition  of  the  mucosa  and 
the  engorgement  of  the  submucosa — this  sometimes  amounts  to 
conn)lete  obstruction.  Sneezing  results  from  irritation  of  the  nasal 
mucous  membrane;  hence,  in  this  cavSe,  must  l>e  due  to  direct  action 
of  the  infectious  organism  or  the  beginning  inflammation  on  the 
nerve  endings  of  the  mucosa.  As  the  inflammatory  conditions  arise 
there  is  a  lessened  nutrition  of  the  mucosa  and  degeneration,  desqua- 
mation, and  discharge  results.  The  mucous  glands  pour  out  an 
increased  amount  of  secretion,  which  carries  with  it  the  cells  from  the 
mucosa  pus  cells  and  various  micro-organisms.  The  inflammation 
often  extends  to  the  frontal  and  ethmoidal  cavities,  the  antrum, 
and  the  middle  ear,  causing  symptoms  arising  from  congestion, 
degeneration,  and  even  desquamation  of  the  mucus  lining  tliase 
cavities. 

The  pharynx  and  larynx  are  fre(|uently  involved,  the  extent  of 
involvement  depending  upon  (a)  an  extension  of  the  infection  and 
(h)  inipainnent  of  nasal  functions — viz.,  warming  and  filtering  the  air. 
If  pharyngitis  occurs,  the  sore  throat  and  sneezing  are  due  to  catarrhal 
inflannnation,  as  in  the  previous  disease. 
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6.  Chronic  Coryza,  or  Rhinitis. 

1.  Pathology. — Chronic  nasal  catarrh  is  characterized  by  a  variety 
of  patholo^c  states,  all  of  which  have  a  definite  relationship,  one 
being  the  sequel  of  another.  The  mucosa  may  show  the  same  changes 
as  in  the  acute  form.  These  conditions  persisting  indefinitely,  result 
in  a  hyperplasma,  or  the  formation  of  new  tissue;  if  this  progresses 
to  a  certain  degree,  the  nutrition  is  cut  off  and  the  death  of  the  tissue 
results;  if  it  is  local,  polypi  may  result. 

2.  Symptomatolo^. — ^The  symptoms  lack  the  features  of  infection. 
'Hiey  are  generally  vague  and  consist  of  increased  susceptibility  to 
acute  attacks,  stuffy  feeling  in  the  head,  mouth  breathing,  loss  of  the 
sense  of  smell  and  perception  of  flavors;  if  ulceration  occurs,  an 
offensive  discharge  is  common. 

3.  Physiology. — ^The  explanation  of  the  above  symptoms  has  been 
considered  in  connection  with  the  acute  disease;  polypi  may  cause 
complete  nasal  obstruction. 


2.  PHARTN0ITI8  AND  TONSILLITIS. 

a.  Acute. 

The  pharynx  and  tonsils  are  so  frequently  diseased  at  the  same 
time  that  they  will  l)e  considertxl  in  this  connection  under  one  head: 
strictly  speaking,  they  might  with  equal  or  greater  propriety  be  con- 
sidered imder  diseases  of  the  digestive  tract. 

1.  Pathology. — ^The  muc»osa  of  the  pharynx  is  congested  and 
swollen;  the  tonsils  look  red  and  inflamed,  are  enlarged,  and  densely 
infiltrated  with  white  blood  cells,  some  red,  and  uncertain  quantities 
of  serum  and  fibrin.  The  crypts  may  be  filled  with  an  exudate  and 
abscess  formation  in  the  tonsillar  stroma  may  occur.  The  adjacent 
cervical  lymph  glands  may  show  inflammatory  enlargement. 

2.  Symptomatology. — Headac»he,  chill,  and  fever  are  present  if 
infection  is  the  etiologic  factor  in  the  production  of  the  disease. 
Other  symptoms  are  soreness,  dr3mess  and  tickling  of  the  throat,  and 
stiffness  of  the  neck. 

3.  Physiology. — As  suggested  in  the  preceding  paragraph,  the  chill, 
fever,  and  headache  are  due  to  infection.  The  soreness  and  tickling 
are  due  to  irritation  oif  pharyngeal  and  tonsillar  nerve  endings,  while 
the  stiff  neck  and  painful  cervical  glands  evidence  the  activity  of  the 
lymphatic  glands  in  their  effort  to  destroy  the  infection. 

6.  Chronic. 

1.  Pathology. — ^^rhese  diseases  may  result  from  any  of  the  following 
conditions:  relaxed  mucosa,  dilated' vessels,  proliferation  and  even 
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hypertrophy  and  hyperplasia  of  the  pharyngeal  and  tonsillar  lymphoid 
tissue. 

2.  S3rmptomatology. — ^The  symptoms  arising  from  an  uncom- 
plicated case  of  chronic  pharyngitis  are  scarcely  noticeable.  There 
may  be  mouth  breathing,  an  offensive  pharyngeal  discharge,  and 
impaired  hearing.  Chronic  tonsillitis  frequently  displays  no  symptoms 
of  note,  merely  a  sense  of  fulness  and  obstruction.  The  chronic  con- 
dition predisposes  to  acute  attacks  in  both  pharyngitis  and  tonsillitis. 

3.  Physiology. — In  pharyngitis  the  mouth  breathing  results  from 
proliferation  of  the  lymphoid  tissue  in  the  vault  of  the  pharjmx:  these 
proliferations  are  commonly  called  adenoids.  The  secretion  is  the 
result  of  the  pharyngeal  inflammation.  Ix)ss  of  hearing  results  from 
an  extension  of  the  inflammation  to  the  Eustachian  tutes. 


3.  LARYNGITIS. 

a.  Acute. 

1.  Pathology. — ^The  next  pathologic  condition  to  which  attention 
will  be  called  is  found  in  acute  catarrhal  laryngitis.  In  this  disease 
the  mucous  membrane  of  the  larynx  and  contiguous  structures  is 
swollen  and  oedematous;  the  vocal  cords  are  red,  lustreless,  and 
thickened,  and  a  mucous  layer  covers  the  whole  affected  area. 

2.  Symptomatology. — Symptoms  of  this  disease  vary  greatly, 
according  with  the  intensity  of  the  attack.  There  may  l)e  no  consti- 
tutional symptoms:  if  present,  they  arise  from  the  infection,  which, 
though  not  proven,  is  assumed.  Others  are:  (i)  tickling  of  the 
throat,  (ii)  cough,  (in)  sore  throat,  (iv)  changed  voice  or  loss  of 
voice,  and  (v)  dyspna^a. 

3.  Physiology. — The  tickling  and  soreness  of  the  throat  and  the 
cough  are  due  solely  to  irritation  of  the  laryngeal  nerve  endings. 
The  changes  in  the  voice  are  the  result  of  thickening  and  infiltration 
of  the  vocal  cords:  this  interferes  with  proper  vibratory  activity. 
Dyspnu'a  is  a  symptom  which  may  be  entirely  absent,  or  it  may 
become  the  symptom  of  importance.  When  it  does  appear  it  results 
from  a  more  or  less  pronounced  narrowing  of  the  laryngeal  passage, 
this  narrowing  being  caused  either  (i)  by  a»dema  or  (ii)  by  spasm. 

h.  Chronic. 

1.  Pathology. — '^J^ie  chronic  lesions  of  the  larynx  are  a  result  either 
of  repeated  attacks  of  acute  laryngitis,  of  tuberculosis,  or  of  syphilis; 
hence  very  diverse  pathologic  findings  are  the  rule.  In  the  first  form, 
mere  swelling  of  the  mucous  membrane  constitutes  the  principal 
change.  In  tuberculous  laryngitis  there  is  a  primary  inflammation 
which  soon  shows  the  characteristic  tubercle  formation,  coalescence. 
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caseation,  and  ulceration.  Syphilitic  laryngitis  may  show  only  mild 
mucous-membrane  ulcers,  or  gummata,  which  result  in  very  deep 
destructive  ulcers,  extending  into  the  submucosa  and  producing  great 
deformities  where  the  scar  tissue  contracts. 

2.  Symptomatology. — In  all  the  alx) ve  conditions  there  are  changes 
in  the  voice,  amounting  sometimes  to  a  complete  loss  of  phonation: 
tickling  and  cough  also  are  common.  In  tuberculous  forms  dysphagia 
is  common,  and  in  this  as  in  the  syphilitic  form  oedema  may  supervene 
and  prove  fatal.  The  only  characteristic  symptoms  of  syphilitic 
laryngitis  are  those  of  obstruction  or  loss  of  function  of  the  epiglottis. 

3.  Phjrsiology. — ^l^he  changes  in  the  voice  are  due  to  thickening  of 
the  mucosa  covering  the  vocal  cords  or  infiltrating  changes  affecting 
their  vibratory  functions.  The  tickling  and  cough  are  due  to  irritation. 
Dysphagia  is  due  to  deep  ulceration  in  the  lower  pharynx  and  in  the 
epiglottis;  as  a  consequence,  muscular  action,  which  is  necessary  to 
swallowing,  becomes  very  painful  when  the  ulcers  are  disturbed  by 
it.  The  deep  scars  of  syphilitic  laryngitis  deform  and  injure  according 
to  their  size  and  location,  and  upon  these  factors  depend  the  character 
and  intensity  of  the  symptoms. 


4.  BRONCHITIS. 

a.  Acute* 

1.  Pathology. — An  acute  inflammation  involving  the  nares, 
pharynx,  and  larynx  is  prone  to  extend  downward  and  become  an 
acute  bronchitis.  The  gross  pathology  of  this  disease  is  (i)  a  thick- 
ened, reddened  mucosa  of  the  trachea  and  bronchi,  and  a  mucous  or 
mucopurulent  exudate.  Microscopically,  there  is  infiltration,  degen- 
eration, and  desquamation  of  the  mucosa,  accompanied  by  (ii)  a  lack 
of  .secretion,  (ill)  then  a  profuse  secretion  from  the  glands  of  the 
submucosa.  This  makes  the  exudate  consist  of  niucus,  red  and 
white  blood  cells,  des(|uamated  cells  (ciliated  and  glaniUilar),  and 
Imcteria. 

2.  S3rmptomatology. — ^^rhe  symptoms  are  usually  ushered  in  by 
nasal,  pharyngeal,  and  laryngeal  inflammation,  with  the  symptom- 
atology noted  alx)ve.  When  the  inflammation  reaches  the  trachea 
and  bronchi,  the  following  additional  symptomatology  may  lx» 
observed:  (iv)  a  feeling  of  rawness  and  unusual  sensitiveness  l)eneath 
the  sternum;  (v)  an  ill-<iefincd  sensory  disturbance,  resulting  in  a 
feeling  of  compression  and  soreness  in  the  chest  walls;  (vi)  a  dry,  ring- 
ing, unproductive,  paroxysmal  cough,  and  sometimes  (vii)  dyspncea. 
Soon  the  coughing  is  attended  by  an  expectorate  of  Varying  character 
and  amount,  and  if,  uncomplicated,  the  disagreeable  symptoms 
<lei4ine.  • 
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3.  Phjrsiology. — \s  in  the  preceding  diseases,  any  con^Uvivmd 
distufhances  will  be  ascribed  to  infection.  G)ugh  is  the  result  of 
tracheal  and  bronchial  inflammation,  which  irritates  the  vagi  nerve 
endings  of  the  mucosa.  The  dryness  and  congestion  of  the  muofm 
membrane^  together  with  the  hypersensitiveness  of  the  nerve  endings, 
will  be  assumed  as  causing  the  substernal  soreness;  while  the  violent 
muscular  efforts  exhibited  in  the  cough  cause  the  sore  feeling  in  the 
chest  wall.  The  sputum  or  secretion  arises  from  the  exudative  and 
degenerative  processes  mentioned  above.  Dyspnoea  is  not  a  marked 
symptom,  and,  if  present,  is  a  fairiy  certain  indication  that  the  disease 
is  extending  into  the  finer  bronchi — ^in  fact,  that  the  process  is 
becoming  a  bronchopneumonia. 

h.  Ohronic. 

1.  Pathology. — The  pathology  of  chronic  bronchitis  is  exceedingly 
varied.  The  mucosa  and  subnmcosa  may  show  all  the  changes  due 
to  chronic  inflammation;  first  there  may  be  an  infiltration,  and  this 
may  he  followed  by  a  uniform  hypertrophy;  there  may  be  granular 
outgrowths,  atrophy,  desquamation,  and  ulceration.  Dilatation  of 
air  cells  and  bronchioles  occurs  if  the  disease  persists. 

2.  Symptomatology. — In  uncomplicated  cases  a  chronic  cough, 
varying  in  intensity  with  the  season,  especially  marked  in  winter,  and 
a  sputum  which  is  not  characteristic  are  the  only  symptoms.  How- 
ever, since  this  disease  is  frequently  associated  with  cardiac  and  renal 
diseases,  and  is  attended  by  emphysema  and  bronchiectasis,  shortness 
of  breath  and  other  symptoms  of  poor  aeration  of  the  blood  are  quite 
common. 

3.  Physiology. — ^^rhe  changes  in  the  mucosa  result  in  irritation, 
by  which  a  cough  is  produced ;  reflexly,  the  presence  of  secretion  and 
the  inability  of  the  ciliated  cells  to  remove  it  also  irritates  and  may 
help  to  cause  the  cough. 

5.  BRONCHOPNEUMONIA. 


The  above  disease  is  so  closely  related  to  bronchopneumonia,  in 
fact  so  frec(uently  precedes  it  in  a  clinical  picture,  that  a  few  para- 
graphs regarding  pathology  and  symptomatology  of  this  very  serious 
disease  cannot  be  considered  amiss  in  this  connection. 

1.  Pathology. — A  typical  bronchopneumonia  has  the  following 
pathologic  findings:  Macrosco[)ically,  there  are  to  be  found  solid 
nofhiles,  these  varying  in  size  and  numbers;  each  nodule  represents 
the  lung  ar(»a  suppliecl  with  air  by  a  single  bronchus;  hence  the  size  of 
the  n()(kil(»  depends  upon  the  size  of  the  bronchus  involves!  and  the 
depth  to  which  the  adjacent  tissue  is  affected  by  inflammation.  Micro- 
scopically, these  nodular  areas  show  the  involved  alveoli  and  bron- 
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chioles  filled  with  the  products  of  catarrhal  inflammation — serum, 
Jesquamate\l  epithelium,  red  and  white  blood  cells,  fibrin,  and 
bacteria — all  varying  as  to  quantity  in  individual  cases  and  difiFerent 
stages  of  the  disease;  there  is  also  interstitial  engorgement  and 
infiltration  with  leukocytes,  and  even  red  blood  cells. 

2.  Symptomatology. — ^The  disease  may  be  ushered  in  by  symptoms 
»f  an  acute  infection,  or  complicating  some  other  disease  one  will 
Dotice  an  irritating  dry  cough  increasing  in  intensity,  fever,  rapid 
pulse,  rapid  respiration,  and  thoracic  tenderness;  then  dyspnoea  and 
even  asphyxia  may  supervene  and  a  fatal  termination  ensue,  though 
this  is  bv  no  means  the  usual  result. 

3.  Ph]rsiology. — ^^Faking  up  the  symptoms  in  order:  Cough  results 
reflexly  from  irritation  of  the  terminal  filaments  of  the  vagi,  the 
irritation  l>eing  due  to  inflammatory  changes  in  the  mucosa  and  the 
engorgement  of  the  submucosa.  The  fever  and  rapid  pulse  are  due 
to  toxiemia,  which  is  partly  but  not  wholly  responsible  for  rapid 
respiration.  In  every  bronchopneumonia  there  are  many  of  the 
wnsolidated  areas  previously  mentioned,  and  each  one  represents  a 
L'ertain  amount  of  lung  tissue  surrounding  each  nodule  relatively 
inactive;  hence  the  rapid  breathing  and  subsequent  dyspncea  are  due 
in  grt*at  part  to  deficient  aeration  of  the  blood.  Some  of  the  nodules 
may  lie  close  to  the  pleural  surface  of  the  lung  and  involve  the  pleura*, 
resulting  usually  in  granular  roughening  of  the  visceral  layer,  though 
this  condition  may  become  more  marked  and  result  in  adhesion 
forming  between  the  two  layers.  These  inflamed  areas  on  the  pleurae 
?ause  the  sharp  stitch-like  jHiin  in  the  side,  and  localized  thoracic 
tenderness  which  is  so  marked  in  some  cases.  When  such  a  patho- 
logic condition  is  present  it  undoubtedly  modifies  the  character,  if 
not  the  rate,  of  respiration.  The  violent  paroxysmal  cough  is  another 
marked  factor  in  producing  sore  and  tender  chest  walls — this  from 
strain  and  spasmodic  contraction  of  the  expiratory  muscles. 

6.  LOBAR  PNEUMONIA. 

1.  Pathology. — ^^rhis  disease  is  due  to  an  infection,  is,  in  fact,  one 
of  the  most  characteristic  of  infectious  diseases,  and  has  fairly  typical 
pathologic  findings.  In  addition  to  the  presence  of  bacteria  in  the 
blooil,  lungs,  in  fact  almost  anywhere  in  the  body,  the  disease  is 
characterizt»d  by  an  exudative  inflammation  of  the  alveoli  and  bronchi 
of  one  or  more  lobes  of  the  lungs;  the  exudate  being  composed  of 
bacteria,  serum,  red  and  white  blood  cells,  and  alveolar  epithelium, 
all  in  various  stages  of  degeneration,  '^i^he  exudate  differs  in  com- 
position in  the  different  stages  of  the  disease,  and  in  resolution  is 
disposed  of  either  by  licjuef action  and  absorption  or  exj)ectoration. 

2.  Symptomatology. — The  classic  symptoms  are :  chill,  fever,  rapid 
pulse,  flushed  face,  headac*he,  g(*iieral  pains,  respiration  very  rapid 
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and  shallow,  cough,  pain  in  the  side,  bloody  sputum,  dyspnoea, 
delirium,  and,  in  a  typical  recovery,  a  crisis. 

3.  Physiology. — In  this  disease  are  found  more  marked  than  in 
almost  any  other  the  symptoms  of  an  acute  infection — \iz.,  chills, 
fever,  rapid  pulse  and  respiration,  general  pains,  headache,  and  even 
delirium,  and  in  this  connection  it  will  be  well  to  consider  these 
symptoms  in  order.  The  most  generally  accepted  theory  is  that  they 
are  the  result  of  a  toxa*mia  acting  upon  the  central  ner\'ous  system, 
affecting  the  different  centres,  first  by  stimulating  and  later — if  the 
stimulation  is  long  continued — depressing  and  paralyzing  them. 
The  chill,  then,  may  l)e  explained  as  being  the  result  of  toxic  stim- 
ulation of  the  centres  governing  the  vasoconstrictors  of  the  skin,  and 
this  stimulation,  if  long  continued,  would  bring  about  a  paralysis  of 
these  centres,  and  cause  a  flushing  of  the  face,  which  is  very  common. 

Fever  is  a  term  applied  to  any  condition  in  which  the  body  temper- 
ature ranges  above  normal.    It  is  probably  the  result  of  a  toxaemia, 
this  acting  either  by  causing  vasomotor  disturbances,  deranging  the 
centres  which  control  heat  production  and  dissipation,  or  by  inter- 
fering with  metabolism  in  the  blood  stream  and  tissues.    Pneumonia 
is  a  disease  which  very  strongly  supports  the  theory  that  toxaemia  is 
the  cause  of  fever,  since  at  the  crisis,  when  the  toxins  are  overcome 
and  their  elimination  begins,  the  fever  almost  entirely  disappears. 
The  hcadavJiCy  general  'pains,  delirium^  rapid  pvlse,  and,  in  part,  the 
rapid  rate  of  respiration,  are  due  to  the  action  of  toxins  upon  the 
various  centres  in  the   cerebrum   and  medulla;    headache,  general 
pains,  and  delirium   being  probable  results  of  congestion  brought 
about  by  vasomotor  paralysis,  the  others  being  due  to  either  direct 
action   on    the  various  centres  or   to    circulatory  disturbances  not 
fully  understood.     There  are  more  symptoms  due  to  local  condi- 
tions, as  pain  in  the  side,  more  marked  and  constant  than  in  broncho- 
pneumonia, but  due  to  the  same  cause,  pleurisy.     Cough,  a  reflex 
result  of  laryngeal  and  bronchial  irritation;  that  part  of  the  increase 
in  respiratory  rate  which  remains  after  the  crisis,  due  to  improper 
aeration  of  the  blood  in  the  congested  exudate-filled  lol)e  or  lobes; 
the  characteristic  sputum  which  comes  from  capillary  hemorrhage, 
and  exudate  of  serum,  fibrin,  blood  c(»lls  and  their  degeneration. 


7.  INFLUENZA. 

InfluiMiza  follows  th(*  type  of  acute  specific  infections,  and  if  the 
local  lesions  occur  in  the  respiratory  tract,  as  is  common  but  not 
universal,  any  symptoms  from  those  of  a  coryza  to  a  pneumonia  may 
l)(»  observed  as  t\\v  process  attacks  one  structure  after  another. 
There  is  nothing  peculiar  about  an  attack  of  influenza,  except  the 
severity   of   the   constitutional   symptoms  in   comparison    with  the 
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pathologic  changes  and  physical  signs,  and  this  peculiarity  must 
result  from  the  intensity  of  the  toxaemia. 


8.  MILIART  TUBERCULOSIS. 

Acute  miliary  tuberculosis  is  more  a  circulatory  than  a  respiratory 
disease;  hence  will  not  be  considered  in  this  connection.  It  is  really 
a  general  infection  with  the  tubercle  bacilli,  resulting  in  (i)  a  profound 
toxaemia,  and  (ii)  characteristic  tul)erculous  lesions  in  various  parts  of 
the  body,  where  the  bacteria  are  deposited  by  the  blood  stream. 


9.  PULMONART  TUBERCULOSIS. 

a.  Acute. 

Pulmonary  tuberculosis  of  the  acute  type  is  usually  pneumonic  or 
bronchopneumonic  in  character,  and  cannot  be  differentiated  from 
thase  diseases  in  the  early  stages.  It  is  only  the  protracted  course 
and  discovery  of  the  tubercle  bacilli  which  make  the  diagnosis 
possible.  Hence,  the  symptomatology  need  not  l>e  discussed  here, 
as  it  has  l)een  presented  under  the  aljove  diseases. 

6.  Chronic. 

1.  Pathology. — ^The  pathology  is  varied  and  consists  in  the  for- 
mation of  tubercles:  these  undergo  softening;  then  they  coalesce, 
ulcerate,  and  form  cavities. 

2.  Symptomatology. — The  symptoms  are  not  stereotyped,  but  may 
be  summe<l  up  as  comprising  general  debility,  hemorrhages,  fever, 
cough,  sputum,  and  dyspna»a. 

3.  Physiology. — ^The  poisons  secreted  by  the  tubercle  bacilli  are 
responsible  for  the  general  loss  of  health  and  fever;  hemorrhage  is 
due  to  ulceration  into  a  bloodvessel;  cough  rc*sults  from  bronchial 
irritation.  The  sputum  comes  from  the  breaking  down  of  tul)ercles, 
the  accompanying  mixed  infection,  and  the  chronic  inflammation 
which  surrounds  the  tul)erculous  area.  Dyspncea  is  here,  as  elsewhere, 
a  sign  of  deficient  aeration  of  the  blood. 


10.  PLEURISY. 

Pleurisy  is  a  term  applied  to  acute  and  chronic  inflammations  of 
the  membrane  lining  the  pleural  cavities. 

1.  Pathology. — ^There  is  no  typical  pathology.  The  pleural 
surfaces  may  show  a  granular  roughening,  there  may  Ik*  adhesions 


270  SPECIAL  PHYSIOLOGY 

between  the  parietal  and  visceral  layers,  or  there  may  be  a  very 
marked  serous  effusion.  Whatever  the  final  picture  be,  the  initial 
changes  are  probably  the  same — viz.,  engorgement  of  the  pleural 
capillaries,  exudation  of  white  and  red  blood  cells,  serum,  and  fibrin 
through  the  capillary  walls  and  pleural  membrane,  these  changes  so 
affecting  the  pleural  endothelium  that  it  either  becomes  roughened 
or  desquamates. 

2.  Symptomatology. — ^The  symptoms  are  generally  chill,  fever, 
sharp  and  lancinating  pain  in  the  side,  cough,  a  varying  amount  of 
sputum,  and  sometimes  dyspnoea. 

3.  Physiology. — ^The  chill,  fever,  etc.,  suggest  that  infection  is 
responsible  for  the  disease,  though  these  may  come  from  associated 
or  preceding  pulmonary  lesions.     The  roughening  of   the  pleural 
membrane  and  the  beginning  adhesions  are  pathologic  conditions 
which  seem  to  be  most  clearly  responsible  for  the  'pain  in  the  side 
and,  in  part,  for  the  cough.    Either  the  loss  of  the  pleural  endothelium 
exposes  the  nerve  endings  to  irritation  by  friction  when  respiratory 
movements  occur,  or  the  pleural  inflammation  makes  the  nerve 
endings  more  easily  irritated  by  motion.    It  is  certain  that  the  ^espi^ 
atory  movements  aggravate  both  the  pain  and  the  cough,  since  both 
these  symptoms  are  greatly  relieved  by  immobilizing  the  affected 
side.     This  therapeutic  test  supports  the  above  theory — viz.,  that 
roughening  and  desquamation  of  the  pleural  cells  increases  the 
irritability  of  the  nerve  endings  and  renders  the  otherwise  painless 
gliding  of   the  pleural   membranes  on  each  other  a  very  painful 
operation,  so  painful  that  the  character  and  rate  of  respiration  may 
be  greatly  influenced  by  it  in  a  reflex  manner.  The  cough,  which  may 
be  very  irritating,  is  here,  as  in  other  diseases,  a  reflex  manifestation 
of  nerve  irritation:  whether  this  irritation  is  pleural,  subpleural,  or 
bronchial  is  not  certain,  and  its  location  may  vary  with  the  causes 
which  brought  on  the  pleuritic  condition :  that  is,  whether  tuberculous 
or  pneumonic. 

The  spidum  is  of  varying  character,  depending  more  upon  co- 
incident or  preceding  conditions  in  the  lung  than  upon  pleural 
pathology. 

Dyspnaa  is  the  result  of  a  number  of  conditions.  It  may  result 
from  the  reflex  muscular  spasm  which,  in  a  manner,  immobilizes  one 
side  of  the  chest  and  reduces  the  available  lung  space  to  practically 
one-half  of  normal;  it  may  be  due  to  extensive  adhesions  which  render 
complete  inspiration  and  expiration  impossible,  or  it  may  come  from 
an  extensive  serous  exudate  which  compresses  the  lungs  and  reduces 
the  amount  of  tidal  air  which  can  enter  the  lungs  during  each  inspi- 
ration. 
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11.  ASTHMA. 

1.  Pathology. — Bronchial  asthma  is  generally  admitted  to  be  a 
neurotic  affection  characterized  probably  by  a  spasm  of  the  bronchial 
muscularis,  a  simultaneous  hyperemia  or  oedema  of  the  mucosa, 
and  a  peculiar  exudate  of  mucin.  Absolute  knowledge  of  the  morbid 
anatomy  is  wanting. 

2.  Symptomatology. — ^The  symptoms  are  very  sudden  in  onset: 
The  patient  lacks  air,  breathing  becomes  labored,  and  an  expiratory 
dyspnoea  supervenes;  a  dry,  tight  cough,  accompanied  by  the  char- 
acteristic asthmatic  sputum,  now  appears,  and  cyanosis  may  be 
marked. 

3.  Physiology. — In  view  of  the  uncertain  pathology  of  this  disease^ 
much  must  be  assumed  of  its  physiology.  It  seems  that  there  must 
be  some  irritant  or  irritants  which,  under  certain  conditions,  are  capable 
of  exciting  powerful  reflex  contractions  of  the  muscular  walls  of  the 
bronchi.  Since  inspiration  is  more  powerful  than  expiration,  the 
bronchial  contraction  really  increases  the  amount  of  air  in  the  alveoli, 
causing  emphysema  and  increased  expiratory  effort  or  expiratory 
dyspnoea. 

The  cough  and  sputum  result  from  the  concomitant  bronchiolitis. 
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DIGESTION.    INTRODUCTION. 


A.  THE  COMPARATIVE  PHTSIOLOGT  OF  DIGE8TI0H. 


1.  INTRACELLULAR  DIGESTION.        .  ^': 

In  the  nature  of  the  case  an  organism  which  consists  of  only  one 
cell  must  take  in  nutriment  through  the  ectosarc  or  exoplasm  into 
the  endosarc  or  endoplasm  of  the  cell.  If  the  nutriment  be  fluid,  the 
absorption  is  a  simple  process,  influenced  largely  by  the  physical 
laws  of  osmosis,  and  may  be  followed  by  a  rapid  assimilation  of  the 
absorbed  nutriment.  If  the  nutriment  be  solid,  the  process  of  taking 
it  through  the  ectosarc  is  a  mechanical  one,  and  is  accomplished  by 
movements  of  the  protoplasm.  Once  the  solid  particle  of  food  is 
engulfed  in  the  endosarc,  a  true  process  of  digestion  or  solution  is 
necessary  before  the  nutriment  may  be  assimilated  or  built  up  into 
cell  protoplasm.  For  a  brief  description  of  the  whole  process  of 
nutrition,  including  digestion,  in  the  unicellular  animals,  particularly 
the  amceba,  the  reader  is  referred  to  General  Physiology  (p.  42). 
The  digestion  in  unicellular  animals  is  necessarily  of  the  intracellular 
type.  The  Cfdenteraies  afford  an  example  of  a  type  of  animal  in 
which  a  definite  tissue  is  set  apart  for  the  function  of  digestion. 
This  specialized  tissue,  the  entoderm,  lines  a  cavity  or  a  more  or  less 
complex  series  of  cavities  formed  by  an  invagination  or  dipping  in 
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surface  of  the  developing  organism.  Solid  nutriment  taken 
!se  cavities  is  taken  up  by  the  entodermal  cells  which  line  the 
and  digested  within  them.  The  product  of  digestion  is  in 
ssed  on  to  the  non-digesting  tissues  by  diffusion  or  by  circula- 
•ough  the  gasirovascular  carwls.  Among  the  coelenterates  at 
le  form  has  been  discovered — ^**the  fresh-water  medusa — in 
he  cells  which  line  the  mouth  of  the  gastric  tube  have  the 
I  of  secreting  a  digestive  fluid."  (Lankester.)  But  this  ccelen- 
?tains  the  primitive  intracellular  method  of  digestion  through- 
greater  part  of  the  gastric  tube. 


•  2.  DIGESTION  BY  SECRETED  FERMENTS. 

ransition  from  the  primitive  to  the  higher  mode  of  digestion 
dual  one.  The  lowest  worms — ^Turbellaria — ^have  the  intra- 
mo<le,  and  the  mesoblastic  cells  of  echinoderm  larv«  manifest 
le  property.  In  this  connection  one  recalls  also  the  intra- 
digestion  of  bacteria,  etc.,  by  the  leukocytes  of  the  higher 

jrtebrates  and  the  higher  invertebrates  possess  an  alimentary 
irough  which  the  food  passes  while  being  acted  upon  by 
ferments  which  produce  a  progressive  series  of  digestive 
.  This  canal  is  usually  differentiated  into  several  distinct 
5,  in  which  particular  steps  of  the  process  are  performed, 
arly  part  of  the  process  the  food  is  triturated.  Either  before, 
Dr  after  trituration  it  is  softened  and  lubricated  by  secretion 
ilimentary  canal.  The  food  is  passed  along  the  canal  by 
altic  motion  of  involuntary  muscles  within  the  wall  of  the 

processes  descril>ed  in  the  above  paragraph  are  all  mechanical 
ITie  food  for  the  higher  animals  is  for  the  most  part  solid, 
e  liquid  food  is  not  usually  in  a  condition  that  permits  imme- 
>sorption.  It  must  be  changed  chemically.  The  insoluble 
,  proteins,  and  fats  must  be  changed  to  soluble  and  diffusible 
peptones,  and  soaps.  But  the  mass  of  material  is  too  great 
langed  by  the  cells  Uning  the  alimentary  canal;  so  nature 
4opcd  a  specialized  method  to  fit  the  conditions:  (i)  Special- 
reting  cells  grouped  into  glands  form  ferments  or  enzymes 
ley  pour  through  ducts  into  the  aUmentary  canal,    (ii)  The 

enzymes  induce  extensive  chemical  changes  in  the  foods, 
\  them  all  finally  to  diffusible  solutions. 
ivo  kinds  of  digestion  are,  then,  intracellular  and  cxtracelltdar; 
i  affected  through  the  agcMicy  of  ferment  action,  but  in  one 

ferments   act  on  foods  taken  into  cells  and   in  the  other 
\  not  yet  absorbed. 
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B.  ANATOMIC  INTRODnOTION. 

1.  A  SUMMARY  OF  THE  ANATOMT  OF  THE  DIGESTIVE 

SYSTEM. 

\n^  ^  a.  The  Sjrstem  in  General. 

(a)  The  Digestive  System  consists  of  the  alimentary  canal,  together 
with  certain  glands  whose  ducts  open  into  the  canal. 

(6)  The  Alimentary  Canal  begins  with  the  mouth  and  ends  with 
the  anus.  It  consists  of:  (a)  the  oral  cavity;  (b)  the  pharpgeal 
cavity;  (c)  oesophagus;  {d)  stomach;  {e)  small  intestine,  composed 
of  duodenum,  jejunum,  and  ileum;  (/)  large  intestine,  composed  of 
caecum,  colon,  and  rectum. 

(c)  The  Tube  is  lined  throughout  with  mucous  membrane,  out- 
side of  which  is  a  submucous  coat.  Both  of  these  coats  vary  much 
in  different  portions  of  the  tube.  The  mucous  epithelium  of  the 
mouth  and  oesophagus  is  stratified,  while  that  of  the  stomach  and 
intestines  is  simple  columnar.  The  glands  of  the  mucosa  are  variously 
modified  in  different  parts  of  the  canal.  The  submucosa  is  thin  in 
the  mouth  and  pharynx,  but  abundant  in  all  other  parts  of  the  tracts. 

{d)  The  Wall  of  the  Free  Tube — from  the  beginning  of  the  oesophagus 
to  the  anus — contains  muscular  coats,  covered  externally  with  a  fibrous 
coat.  All  of  that  portion  of  the  canal  within  the  abdominal  cavity 
receives  an  outer  peritoneal  investment. 

{e)  A  Typical  Portion  of  the  wall  of  the  alimentary  canal  consists 
of:  (i)  MucoiLS  rtiembrane,  whose  epithelium  is  the  secreting  and 
absorbing  portion  of  the  wall,  (ii)  Submucous  coaly  whose  loose 
fibrous  structure  permits  free  folding  and  free  movement  of  the 
mucosa,  and  furnishes  a  favorable  course  for  bloodvessels,  lymphatics, 
and  nerves,  (in)  Muscidar  coat,  whose  two  or  three  layers  of  involun- 
tary muscle  tissue  perform  the  slow  peristaltic  contractions  which  are 
so  important  a  factor  in  digestion,  (iv)  Fibrous  coal,  w^hich  lends 
additional  strength  to  the  walls  of  the  tube.  Usually  included  with 
this  coat  is  the  pavement  epithelium  of  the  peritoneum. 

(/)  The  Epithelium  of  the  Mucous  Membrane  is  hypoblastic  in 
origin,  except  in  the  mouth,  upper  pharynx,  and  lower  rectum. 
The  serous  epithelium  of  the  peritoneal  covering  of  the  tube  is  from 
the  s  planch  no  pic  uric  mesoblast.  All  of  the  structures  between  these 
two  epithelial  lK)iinflaries  (nerve  tissue  excepted)  represent  Wfesen- 
chymic  mesoblast.  The  nerves  invade  these  tissues  from  the  neural 
cpiblasf. 

(g)  Upon  the  Imier  Surface  of  the  mucous  lining  innumerable 
glands  open.  These  glands  are  developed  in  the  embryo  by  evagi- 
nation  from  the  mucous  surface;  the  gland  epithelium  has,  therefore, 
the  same  liistogenesis  as  the  mucous  epithelium  from  which  it  evag- 


DtOESTION 


277 


inate<l;  the  epithelium  of  all  glands  opening  into  the  mouth  Imng 
epiblastic,  and  that  of  all  glands  opening  in  the  stomach,  for  example, 
being  hjpoblastic. 

{k)  A  Lkrgft  Pniportio&  of  theH  Glanda  are  mucus-secreting  glands. 
In  certain  locations  the  glands  present  both  structural  and  functional 
modifications;  in  the  stomach  the  peptic  glands  present,  structurally, 
the  striking  parietal  or  acid  cells;  while,  functionally,  these  glands 
secrete  both  pepsin  and  hydrochloric  acid. 


im  of  the  dtgotlTB  tract.    (After  IaiuIoIi.) 


[j)  BaridM  tboie  OUnds  within  th«  Walls  of  the  canal  there  are 
several  large  glands — salivarj'  glands  and  pancreas — which  lie  quite 
outside  the  wall  of  the  canul,  and  {Ktur  tlieir  secretinti  into  the 
canal  through  a  ihict  whose  epithelial  lining  is  continuous  with  the 
epithelium  of  the  canal.  'Hie  active  colls  of  these  glands  are  modifitvl 
epithelial  cells,  an<l  with  the  lining  of  the  duct  are  derived,  in  the 
embryo,  by  evaginalion  from  the  lining  of  the  ahnientary  canal. 
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■^    \  b.  Particular  Segments  of  the  Tracts. 

1.  The  Oral  Cavity. — This  portion  of  the  alimeDtaiy  canal  is 
especially  adapted,  by  its  fimi  stratified  epithelium,  to  receive  solid 
food.  The  skeletal  and  muscular  structures  which  surround  this 
cavity  perforin  important  parts  in  its  functions.  The  skeletal  portioD 
of  the  roof  of  the  cavity  is  formed  by  the  superior  maxillaiy  booe, 
presenting  the  palatal  plate  and  the  alveolar  ridge;  while  the  skeletal 
portion  of  the  floor  of  the  cavity  is  formed  by  the  inferior  maxiUiry 
bone,  presenting  an  alveolar  ridge.  These  alveolar  ridges  are  anned 
with  teeth,  which  are  set  in  bony  sockets  lined  with  periosteum. 

(a)  The  Teeth.— For  a  description  of  the  minute  structure  of  Ibe 
teeth,  the  reader  is  referred  to  any  work  on  histology.     There  are 
two  sets  of  teeth,  a  temporary  set  and  a  'permanent  set.     The  time 
of    eruption   is    important    to    the 
physiologist,   because   it   is  indica-  fio.  iss 

tive  of  the  kind  of  food  which  the  V  TfcBf* 

organism   requires.      The    time  of  t      ^^■sl'*"^ 

eruption  of  the  teeth  is  shown  in 
Figs.  154  and  156. 

(6)  The  HnscloB  of  Uasticatioii 
are  those  which  produce  the  move- 
ments  of    the    inferior    maxillary 


Thetdogne. 

lioiie,  especially  the    temporals,  the   masseter,  the  pterygoid;   also 
those  which  produce  movements  of  the  checks  and  tongue. 

fc)  The  Glands  of  the  Month  are  the  numerous  mucous  glands 
whose  function  is  to  keep  the  mouth  moist,  also  the  highly  developed 
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salivary  glands.  Tliere  are  three  pairs  of  salivary  glands — the  sub- 
maxillary, the  sublingual,  and  the  parotid.   (For  figures  see  Secretion.) 

{d)  The  Tonffiu  lies  in  the  fioor  of  the  mouth,  and  is  composed 
mainly  of  longitudinal  and  transverse  muscle  fibres,  through  whose 
combined  action  the  tongue  may  be  retracted,  protruded,  rMsed, 
lowered,  or  circumducted. 

Iliis  organ  is  most  useful  in  masticatum.  In  some  animals  it  is 
used  as  an  oi^n  of  prekension.  In  most  animals  it  is  used  as  a 
lactile  organ.  In  the  mucous  membrane  of  the  tongue  are  located 
the  principal  end  organs  of  the  sense  of  taste.  Especially  adapting 
the  surface  of  the  tongue  for  these  various  functions  are  the  papillee, 
which  are  of  three  varieties:  (i)  the  cireumvallate,  (ii)  the  funp- 
form,  and  (lit)  the  conical.  The  first  two  forms  named  contain  taste 
huds.     (See  Fig.  157.)    (For  other  figures  see  Taste'.) 


(Time  stven  in  yean.) 


2.  Tbe  Pharynx. — The  uvula  marks  the  boundary  between  the 
oral  cavity  and  the  pharynx.  Tliis  cavity  is  common  to  the  digestive 
and  respiratory  systems.  The  portion  of  it  which  is  concerned  in 
swallowing  is  lined  with  stratified  epithelium,  and  is  supplied  with 
mucous  glands.  Its  walls  contain  three  sets  of  muscles  {Pharyngeal 
amstruiors)  whose  contraction  aids  in  deglutition. 

3.  The  (Esophagtu.— This  is  the  tut^  which  leads  from  the 
pharynx  through  the  thorax  to  the  stomach.  It  possesses  the  four 
typical  coats  described  above.  The  mucous  membrane  presents 
longitudinal  folds,  and  its  epithelium  is  stratified.  The  numerous 
mucous  glands  dip  down  into  the  submucosa.  The  two  heavy 
muscular  coats  serve  the  function  of  <lcglutition. 

4.  The  Stomach. — ^This  very  important  vi.scus  is  a  dilatation  of 
the  alimentary  canal.     It  has  the  four  typical  coats;  mnco.sa,  sub- 
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mucosa,  muscular,  and  fibrous.  It  is  the  first  portion  of  the  caDnl 
within  the  abdominal  cavity,  and  is,  therefore,  the  first  to  hare  s 
peritoneal  investment.     The  mucosa  is  provided  with  two  varieties 


of  glanils  (peptic  and  pyloric),  wiiich  will  be  described  under  Gastric 
Digestion.  This  coat  lies  in  prominent  folds  or  rtiga  upon  the  sub- 
jacent tissues.    The  muscular  coat  consists  of  two  principal  layers 


of  involuntary  muscle,  an  inner  circular  and  an  outer  longitudinal 
layer,  while  an  imperfect  obhque  layer  maybe  found  at  the  cardiac 
end.    The  orifice  between  the  a\sophagus  and  the  stomach  is  called 
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the  Cardia  (Fig.  158,  C).  It  is  guarded  by  a  sphincter.  The  orifice 
between  the  stomach  and  duodenum  is  called  the  Pylorus  (158,  p). 
It  is  also  guarded  by  a  sphincter.  At  a  point  about  two-thirds  of 
the  distance  from  the  cardia  to  the  pylorus  is  a  band  of  especially 
strong  circular  muscles.  This  has  been  called  by  Hofmeister  and 
Schutz  the  "Sphincter  antri  pylorici"  (Fig.  158,  S.  A.  I'.).  The 
portion  of  the  stomach  between  this  sphincter  and  the  pylorus  is 
called  the  Antrum  (A).  The  middle  third  of  the  stomach  is  called 
the  preantral  segment  {P.  A.)  The  antral  and  preantral  segments 
together  make  the  pyloric  portion,  while  the  segment  nearest  the 
cardia  is  called  the  cardiac  portion.  The  use  of  tliese  terms  will  be 
necessary  in  the  description  of  the  movements  of  the  stomach. 


'  the  folda  conitl- 
ereontrlbiila  the 
■  with  lu  villi  and  glanil*  eiteud.    (After  Plenol.) 

5.  The  Small  Intestine.— This  is  a  tube  of  fairly  equal  calibre 
lying  in  coils  in  the  abdominal  cavity.  It  is  sixteen  to  twenty  feet 
in  length,  and  passes  into  the  creciim  through  the  ileociecal  valve. 
It  is  subdivided  into  three  portions — the  duodenum,  jejunum,  and 
ileum.  The  four  coats  of  the  small  intestine  differ  from  those  of  the 
stomach  principally  in  the  variations  of  the  mucous  membrane.  ITie 
folds  of  the  latter  are  transverse  anil  are  called  Vidmdw  conniventea. 
(See  Fig.  159.) 

The  mucous  membrane  presents  two  important  features:  (i)  the 
viUi,  which  are  finger-like  projections  into  the  lumen  of  the  intestine; 
(li)  the  crypts  of  Lieberkiihn,  which  dip  down  fnim  the  general 
surface  of  the  mucosa  to  the  musciilaris  mucosa.  'Hie  crypts  will 
be  described  under  Digestion  and  the  villi  uiuler  Absorption;  (in)  the 
glands  of  Brunner  in  the  submucosa  of  the  dutKlenum. 

Tributary  to  the  dumlenum  are  two  most  imfKtrtant  glandular 
bodies,  the  pancreas  ami  the  hver,    A.s  the  latter  has  little  to  do  with 
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digestion  and  much  to  do  with  metabolism,  it  will  be  described  in  the 
chapter  on  Metabolism.  The  pancreas  is  a  tubuloracemose  gUnd, 
resembling  the  salivary  glands,  except  that  the  alveoli  are  tubular. 


/.  Serentli  onDlal  iwm. 

y.  Fifth  cranial  dotc  (ffi 

nrlui  luigUaD.) 


8. 8.  a.  SupNlor 
gUon. 
M.  S.  G.  Uldille    BrmiaUictlc    | 

I.  S.  a.  iDferlor    ■ 

^.  BplKlattU. 
/.  DL.  Flnt     donal 
ganiUoQ. 
XII.  DL.  SecDnd    to    tweUUi   dtotl 

irmpatbelle  gauslkiD. 
iDd  //,  L.  FiiK  and   Koonil   lnmtai 


S.  SoUrplexui. 
mn.  Spl.  HlDOr  ipluicfaiiie  otm. 
Moij.  UftlOT. 
Cd.  K.  Cardiac  pleziia. 
//.  Sc  Second  Hacnl   (jmiMlkellc 


III.S 


c.  Third   Mcr 

'.  L^  vagni  netre. 

',.  Inferior  latynge*!  nwie. 
[,.  SupeiliB'  laryngeal  nerrt. 
!.  Hfpasatalc  neire. 
(.  Hemonholdat  plezui, 
^  Pint     dona]     iTiniathMIc 

gangllDn.  lad  and  ilfht. 
f.  Uenateile  pleiua. 
7,  Communloattng  bianvli. 
1.  AnnulusofV 


'Hie  srercting  epithelium  of  tlip  pancreas  is  hypoblastic  in  origin, 
l>eing  derived  from  the  primitive  utidgut  by  eva^nadon. 

(1.  The  Large  Intestine. — I'his  portiou  of  the  intestine  consists  of 
the  ert-piim  with  its  vermiform  ap|x>ndix,  the  capacious  and  trans- 
versely etmstricted  colon,  and  the  rectum.    The  structure  of  the  walls 
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is  quite  similar  to  that  of  the  small  intestine,  except  that  there  are 
no  villi,  and  the  tubular  glands  differ  from  the  crypts  of  Lieberkiihn 
in  having  a  greater  proportion  of  the  mucus-secreting  goblet  cells. 


C.  SECRETION. 
1.  GENERAL  CONSIDERATIONS. 

The  tissue  activity  of  the  organism  may  be  conveniently  divided 
into  three  groups: 

(a)  Muscular  Activity,  the  general  function  of  muscular  tissue, 
manifesting  itself  in  motion  and  heat;  (/9)  Nervous  Activity,  the  gen- 
eral function  of  the  nervous  tissue,  including  all  nervous  acts  from 
sensation  to  reason;  (y)  Glandular  Activity,  the  general  f miction  of 
epithelial  and  lymphoid  tissue,  including  all  of  those  metabolic  changes 
which  result  in  the  elaboration  of  a  special  mixture,  either  (i)  by  sepa- 
rating (selecting)  out  of  the  liquids  of  the  body  compounds  which  already 
exists  forming  of  these  a  new  combination  for  a  special  purpose; 
or,  (n)  by  actually  forming  new  substances  which  may  be  combined 
with  selected  or  separated  substances  to  make  a  special  mixture. 
Of  these  forms  of  glandular  activity  one  may  cite  numerous  examples: 
(i)  the  elaboration  of  lymph,  urine,  perspiration;  (ii)  gastric  juice, 
pancreatic  juice,  saliva,  bile,  synovial  fluid,  lacrymal  fluid,  sebaceous 
matter,  milk,  etc.  If  one  classifies  as  glandular  all  those  tissues 
which  possess  the  power  of  elaboration  by  selection  or  formation,  he 
will  find  that  he  has  included  practically  the  whole  of  the  derivatives 
of  the  hypoblast,  special  portions  of  the  epiblast,  the  whole  of  the 
derivatives  of  the  splanchnopleure  and  somatopleure,  together  with 
the  mesoblastic  epithelium  of  the  genitourinary  system,  and  the 
mesoblastic  lymphoid  tissue.  There  seems  to  be  no  doubt  that 
all  of  the  tissues  enumerated  possess  this  power  to  a  greater  or  less 
extent.  The  glandular  activity  of  the  hypoblastic  epithelium  is 
specialized  in  such  organs  as  the  pancreas  and  liver,  and  such  special- 
ized portions  of  the  mucous  membrane  as  the  gastric  and  enteric 
glands.  But  the  whole  epithelium  contains  a  large  proportion  of 
the  mucus-secreting  goblet  cells;  some  writers  stating  that  any  cell 
of  the  mucous  membrane  may  become  a  goblet  cell,  secrete  its  mucus, 
and  resume  its  original  form  as  a  columnar  epithelial  cell. 

Even  absorption  of  the  products  of  digestion  from  the  alimentary 
canal  is  not  a  simple  diffusion  and  filtration,  but  is  attended  with  a 
marked  activity  of  the  epithelium;  first,  in  a  certain  degree  of  seU*ction, 
second,  in  a  partial  elaboration,  changing  the  peptone  to  a  higher 
proteid  form  before  it  is  passed  into  the  capillaries  of  the  portal 
system,  also  changing  fatty  acids  and  glycerin  to  fat.  That  portion 
of  the  epiblast  which  lines  the  mucous  openings  of  the  Imdy — i.  e,. 
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mouth,  nose,  anus,  and  urethra — and  such  mucous  surfaces  as  the 
vulva,  prepuce,  and  conjunctiva  are  richly  supplied  with  mucous 
glands;  but  the  goblet  cells  are  absent  from  all  of  these  locations 
except  the  respiratory  region  of  the  nasal  mucous  membrane.  In 
that  portion  of  the  epiblast  which  covers  the  general  surface  of  the 
body  the  glandular  activity  is  subordinated  to  the  function  of  pro- 
tection. There  are  innumerable  sebaceous  glands  and  sweat  glands, 
but  the  general  surface  cannot  be  called  a  glandular  one. 

The  endothelial  lining  of  all  serous  cavities  is  now  conceded  to 
have  a  general  glandular  activity.  The  serous  fluid  which  occupies 
these  cavities  is  not  identical  with  blood  plasma,  and  though  an 
I  increased  venous  pressure  leads  to  an  increase  of  the  volume  of 
I  lymph  and  serum,  these  fluids  differ  quantitatively  from  plasma. 

/  Such  a  difference  cannot  be  accounted  for  by  purely  physical  laws 

I  of  filtration  and  diffusion;  there  must  be  a  selective  activity  on  the 

■  part  of  the  endothelial  tissues.    This  selective  activity  manifested  by 

endothelial  tissue  in  general  justifies  its  classification  among  glandular 
I  tissues.  However,  clinical  experience  indicates  that  the  proportions 
of  salt  are  only  slightly  changed,  if  at  all,  and  that  changes  in  specific 
gravity  are  due  almost  wholly  to  variation  of  the  albumin  con- 
tent. 

In  the  same  category  belongs  the  endothelium  of  the  circulatory 
system;  though  glandular  activity  has  been  demonstrated  only  in 
the  endothelium  of  capillaries  and  lymph  radicals.  The  genito- 
urinary system  furnishes  numerous  examples  of  glandular  activity: 
the  ovary  and  testes,  and  the  genital  ducts  and  canals,  including  the 
oviduct,  uterus,  vagina,  vas  deferens,  seminal  vesicles,  the  prostate, 
and  the  kidney.  The  epithelial  tissues  of  all  of  the  organs  enumer- 
ated are  glandular  tissues.  It  is  to  be  noted  here  that  the  secretion 
of  the  gi^nital  glands  is  largely  composed  of  cellular  elements;  the 
same  may  be  said  of  the  lymphoid  tissues  of  the  circulatory  system, 
and  of  the  preliminary  secretion  (colostrum)  of  the  mammary  glands. 


2.  SECRETION  DEFINED. 

The  term  secretion  may  be  defined  as  the  special  activity  of  the 
glandular  tissues,  or,  l)etter,  the  elalx)ration  of  fluid  or  semifluid 
mixtures  by  selection  from  the  fluids  which  surround  the  active  cells 
or  bv  formation  from  materials  within  the  active  cells.  In  the 
secretion  of  the  gastric  juice  the  water  and  the  inorganic  salts  are 
selected  from  the  tissue  plasma  which  bathes  the  glandular  epithelium ; 
the  hydrochloric  acid  is  formed,  probably,  by  a  reaction  between  salts 
of  the  plasma.  It  is  necessary,  however,  that  these  salts  be  taken 
into  the  secreting  ej)ithelium  and  brought  under  the  influence  of 
special  forces  in  order  that  the  rt»action  may  take  place.    The  pepsin 
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of  the  gastric  juice  is  formed  from  the  protoplasm  as  a  product  of 
cell  metabolism. 

The  term  secretion  in  its  most  general  application  may  be  applied 
to  the  part  which  the  epithelial  cells  take  in  modifying  the  fluids 
which  filter  and  diffuse  through  them.  That  the  absorbing  epithelium 
of  the  alimentary  canal  modifies  the  absorbed  liquid  is  now  practically 
beyond  question.  In  the  first  place  there  is  a  certain  selection  of 
the  absorbed  liquid  from  the  general  mixture  of  digested  foodstuffs, 
and  in  the  second  place  these  absorbed  substances  are  modified  on 
their  passages  through  the  cells.  We  have  to  deal  here  with  a  clear 
case  of  secretion. 

These  examples  of  secretion  in  its  broadest  sense  fall  naturally 
into  two  groups:  In  the  case  of  the  gastric  juice  the  elaborated 
fluid  is  selected  or  formed,  to  be  poured  out  upon  the  surface  of 
the  mucous  membrane  for  a  particular  use  there.  In  the  case  of 
the  lymph  plasma  there  is  a  selection  of  the  substances  which  are 
to  filter  or  diffuse  through  the  endothelium  from  one  cavity  or  vessel 
into  another  cavity  or  vessel,  to  be  retained  in  the  system.  In  the 
case  of  absorption  the  selected  and  modified  products  of  digestion 
are  passed  into  the  circulation,  to  be  retained  and  further  utilized. 
We  thus  have  in  the  gastric  juice  an  example  of  what  has  been  called 
an  external  secretion,  but  in  the  formation  of  lymph  and  the  modi- 
fication of  the  products  of  absorption  examples  of  an  internal 
secretion. 

The  hypoblastic  epithelium  of  the  liver  forms  products  which  ^ 
not  only  afford  examples  of  the  two  kinds  of  secretion  already  named,  \ 
but  of  a  third  kind  which  may  be  called  simple  kaiabolites.  The  hile, 
composed  of  substances  which  assist  in  digestion  and  in  absorption, 
is  an  external  secretion;  the  glycogen  formed  from  the  absorbed 
dextrose,  and  later  thrown  into  the  blood  as  dextrose,  is  an  internal 
secretioti ;  while  the  urea  and  related  bodies  formed  in  the  liver  are 
•thrown  into  the  blood,  not  to  be  utilized  by  the  system,  but  to  be 
excreted  by  the  kidneys. 

3.  GLANDS.        V    ' 

In  the  above  presentation  of  the  subject  the  terms  glandular 
epithelium  and  secretion  have  been  used  in  the  most  general  sense. 
'Fhe  part  which  the  epithelium  plays  in  the  elaboration  of  the  products 
of  digestion  is  still  a  subject  of  controversy.  It  will  be  best  here  to 
present  more  in  detail  the  subject  of  external  secretion  and  the 
specialized  glandular  epithelium  (glands)  which  elalwrate  these 
secretions.  Howell  defines  a  gland  as  **a  structure  composed  of  one 
or  more  gland  cells,  epithelial  in  character,  which  forms  a  j)roduct — 
secretion — which  is  discharged  either  upon  a  free  epithelial  surface 
(external  secretion),  such  as  the  skin  or  mucous  membrane,  or  upon 
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'the  closeil  endothelial  surface  (intemal  secretion)  of  the  blood  and 
lymph  cavities." 

The  one  example  of  a  unicellular  gland  is  the  mucus-secreting 
goblet  cell.     It  is  more  in  harmony  with  the  above  presentation 


Diaitmm  llliutnting  tbe  (ypea  of  e1b>i<1b:  A.  almple  tubular 
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of  the  general  physiology  of  glandular  tissues  to  consider  the  goblet 
cells  as  representing  unspecialized  glandular  tissue  cells. 

One  phase  of  the  process  of  differentiation  which  marks  the 
progress  of  evolution  is  the  development  of  glandular  organs.  A 
glandular  organ  or  gland  may  be  defined  as  a  structure  whose  paren- 
chyma is  composed  of  a  specialized  portion  of  glandular  tissue,  which 
daboraies  by  selection  or  formaiion  a  special  secretion,  which  is  dis- 
charged either  upon  an  epithelial  surface  (external  secretion),  or  upon 
an  endothelial  surface  (internal  secretion). 

Fig- 161  illustrates  gland  types.  As  examples  of  the  simple  tubular 
gland  one  may  cite  the  glands  of  the  large  intestine  (Fig.  162),  the 
crypts  of  Lieberkiihn,  the  peptic  glands,  etc. 

The  compound  tubular  gland  is  represented  in  human  anatomy 
by  the  pyloric  glands  (Fig.  163)  and  the  glands  of  Brunner  as  less 
complex  examples;  while  the  pancreas  (Fig.  164),  kidney,  and  liver 
represent  compound  tubular  glands  of  successively  increasing  com- 
plexity. The  sweat  glands  are  coiled  tubular  glands.  The  simple 
saccular  glands,  though  prominent  in  the  amphibia  as  the  mucus- 
secreting  glands  of  the  skin,  do  not  occur  in  the  higher  animals. 
ITie  compound  saccular  or  racemose  glands  are  represented  in  the 
human  anatomy  by  the  salivary  glands  (Fig.  165).  Some  authors 
classify  these  as  compound  tubular  glands. 

A  discussion  of  the  blood  and  nerve  supply  of  the  various  digestive 
glands,  of  the  histologic  changes  of  the  glandular  epithelium  during 
activity,  and  of  the  chemical  composition  of  the  secretion,  will  be 
found  in  connection  with  the  physiology  of  the  gland. 


4.  DfTEBNAL  SEOBETIONS. 

a.  Internal  Secretion  of  the  Ductless  Glands. 

The  functions  of  the  vascular  glands  have  been,  until  quite  recently, 
a  matter  of  somewhat  vague  speculation.  Even  now  these  functions 
are  not  by  any  means  clearly  established  and  fully  understood;  but 
so  much  work  has  been  done,  experimental  and  clinical,  esj)ecially 
on  the  thyroid  glands,  the  adrenal  capsules,  and  the  pituitary  body, 
that  the  theories  advanced  as  to  their  fimctions  may  be  acc(»ptcd  as 
practically  demonstrated. 

1.  The  Thyroid  Glands  and  the  Parathyroids.— The  thyroid  gland 

is  situated  at  the  upper  part  of  the  trachea,  and  consists  of  two  lateral 
lobes  placed  one  on  each  side  of  that  tul)c,  and  connected  by  a 
narrow  transverse  portion,  the  isthmus.  The  thyroid  is  of  a  brownish- 
reel  color.  Its  weight  varies  from  one  to  two  ounces.  It  is  larger  in 
females  than  in  males,  and  becomes  slightly  increased  in  size  during 
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menstruation  and  after  maternity.  It  occasionally  becomes  enor- 
mously hypertrophied,  constituting  th«  disease  called  broQchoccle, 
or  goitre. 

The  accessory  thyroids,  or  parathyroids,  seem  to  occur  in  all  ■- 
mammals.    One  of  these  bodies  is  attached  to  the  external  or  posterior  1 
surface  of  the  lateral  lobesof  the 
th  TO  1     n  some  animals  (do|t, 
cat     abbt     etc.)  there    h  an 
add  t  onal   lobe   on   each  ^it, 
embedded    n  the   substance  of 
1  e  thyro  d  proper.     Histolop- 
cally  the  parathyroids  do  not  re- 
semble the  thyroid  gland.   They 
presen     he  ^neral  appearance 
of  embryologic  tissue,  and,  tor 
h  s  reason   have  been  r^aided 
as  an  mmature  form  of  thyroid 
ssue  wh  ch  under  the  stimulus 
of    nereased  functional  activitr, 
s     apable   of   developing  into 
normal  thyroid  tissue. 
'ITiere  is,  however,  no  sttis- 
tactory  evidence  that  such  a  transformation  may  take  place.    TV 
histologic  and  embryonic  evidence  seems  to  indicate  that  the  t*o 


tissues  arc  not  only  fundaint 
ably  also  (Utfercnt  in  origin. 


liffen'nt  in  structure,  but  prob* 
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TTie  thyroid  body  is  invested  by  a  thin  capsule  of  connective  tissue, 
hich  projects  into  its  substance  and  imperfectly  divides  it  into 
asses  of  irregular  form  and  size.  When  the  organ  is  cut  into  it  is 
en  to  be  made  up  of  a  number  of  closed  vesicles  containing  a  yellow, 
airy  fluid,  and  separated  from  each  other  by  intermediate  connective 
isue.  Each  vesicle  is  lined  by  a  single  layer  of  epithelium,  the  cells 
r  which,  though  differing  somewhat  in  shape  in  different  animals, 
ave  always  a  tendency  to  assume  the  columnar  form.  Between  the 
sithelial  cells  exists  a  delicate  reticulum.  The  vesicles  are  of  various' 
zes  and  shapes,  and  contain  as  a  normal  product  a  viscid,  homo- 
?neou5,   semifluid,  slightly  yellowish    material,   which    frequently 
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ontains  blood,  the  red  blood  corpuscles  of  which  are  found  in  it  in 
arious  .stages  of  disintegration  and  decoloHzation,  the  yellow  tinge 
eing  probably  due  to  the  hfemoglobin,  which  is  thus  set  free  from 
he  colored  corpuscles. 
'Vhe  thyroi<l  gland  is  for  the  animal  economy  a  most  important, 
ideed,  necessary,  organ.  Its  removal  or  destruction  is  followed 
■y  serious  (iisturbances  of  nutrition,  and  is  iminecUately  or  ultimately 
ital,  because  products  of  the  normal  metal»olism  attack  and  harm 
lie  central  nervous  system,  .so  that  nervous  disturbances  and  depres- 
ion  occur  as  well  as  di.sturbances  of  nutrition  (tetanus  and  cachexia), 
."he  reintroductjon  of  thyroid  material  (by  grafting,  by  subcutaneous 
r  intravascular  injection,  or  by  absorption  from  the  alimentary 
19 
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canal)  causes  an  amelioration  or  even  an  entire  removal  of  all  toxic 
symptoms. 

It  follows  from  the  foregoing  that  the  thyroid  tissue  produces 
normally  some  material  which  is  in  some  way  essential  to  the  nutrition 
of  the  body,  and  which  acts  as  an  antitoxic  to  those  products  of 
normal  metabolism  which  produce  tetanus  and  cachexia  in  thyroid^ 
ectomized  animals.    Such  a  material  has  been  isolated  by  Baumann, 
and  is  called  thyroiodin,  or  iodothyrin.    It  is  an  organic  compound 
of  iodine,  is  produced  by  the  thyroid  gland  from  traces  of  iodine 
contained  in  the  food  and  carried  into  the  blood.    According  to  the 
experiments  of  Roos,  it  preserves  the  beneficial  effects  of  thyroid 
tissue,  and  acts  like  the  latter  in  thyroidectomized  animals. 
F    The   fact  that  extracts  of  thyroid   tissue,  or  iodothyrin,  when 
absorbed  into  the  blood,  ameliorate  or  remove  the  evil  effects  result- 
ing from  a  loss  of  function  of  the  thyroid  gland  seems  to  prove  that 
the  normal  function  of  the  thyroid  is  to  give  off  a  material  to  the 
blood  which  in  some  way  affects  favorably  the  nutrition  of  all  or  a 
part  of   the  tissues  of  the  body.     Histologic   research  shows  that, 
as  far  as  the  thyroid  bodies  proper  are  concerned,  this  secretion  is 
contained  in  the  so-called  colloidal  material  which  accumulates  in 
the  interior  of  the  vesicles,  and  that  the  mechanism  of  secretion  is  a 
rupture  of  the  walls  of  the  vesicles  at  some  point,  whereby  the  contents 
are  discharged  into  the  surrounding  lymph  spaces. 
/     The  most  important  fact  to  be  discovered  is  the  manner  of  action 
/  of  this  secretion  upon  the  tissues  of  the  body.     The  most  tenable 
,  theory  is  that  the  secretion  of  the  thyroid  acts  normally  by  promoting 
i  or  regulating  the  metatolism  of  other  parts  of  the  body,  particularly 
perhaps  the  nervous  system.     Here  are  two  facts  of  great  importance 
to  be  remembered  in  this  connection :    (i)  that  complete  removal  of 
thyroid  tissue  causes  malnutrition,  affecting,  it  seems,  especially  the 
nervous  system,  and  (ii)  that  the  injection  or  ingestion  of  thyroid 
extracts  in  this  condition  restores  metabolism  more  or  less  completely 
to  a  normal  statt\ 

An  interesting  phase  in  the  physiology  of  the  thyroid  is  the  func- 
tional relation  between  the  thyroid  and  the  parathyroid  bodies.  This 
relation  has  been  problematic  and  has  occasioned  considerable 
controversy  and  a  va.st  amount  of  experimentation.  The  most  recent 
and  reliable  results  are  those  of  Mousu  from  a  study  of  over  150 
thyroidectomies  and  j)arathyroi(lectomies.  Moussu  arrives  at  these 
conclusions : 

(i)  **The  organs  of  the  thyroid  system  have  two  distinct  functions, 
one  thyroidal  and  one  parathyroid al.  The  thyroids  do  not  act  xicari- 
ously  for  the  parathyroids,  and  vice  versa, 

(ii)  **  The  thyroid  junction  is  the  same  for  all  domestic  animals  and 
for  birds.  Its  suppression  has  always  the  same  result — viz.,  develop- 
ment of  cretinism,  if  it  is  caused  under  identical  conditions. 
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(ni)  **  Cretinism  occurs  only  in  the  young.  It  is  the  more  acute 
the  earlier  the  subjects  are  operated  on. 

(iv)  "/n  adtdts  thyroidectomy  does  not  cause  acute  symptoms,  not 
even  in  camivora.  The  operation  is  generally  survived  for  a  long 
period,  but  may  be  followed  by  progressive  cachexia  or  by  myxoedema. 

(v)  "The  parathyroid  function  is  for  the  most  vital  conditions  of 
life  indispensable.  It  seems  to  influence  immediately  the  nutrition 
of  tissues. 

(vi)  "//*  suppression  causes  rapid  death  if  total,  alarming  disturb- 
ances if  partisu. 

(vii)  "  The  acute  symptoms,  such  as  tetanus,  rapid  pulse,  dyspnoea 
or  polypnoea,  etc.,  following  operations  on  the  goitre  in  man  are 
parathyroid  symptoms. 

(vin)  "  The  chronic  symptoms,  such  as  lowering  of  temperature, 
weakening  of  the  intellectual  faculties,  myxoedema,  etc.,  are  excite 
sivdy  thyroid  symptoms. 

(ix)  "Strumipriva  cachexia  must  develop  fatally  if  thyroidectomy 
is  performed  during  infancy  and  a«lolescence. 

"In  all  operations  on  the  thyroid  organs  the  first  duty  of  the 
surgeon  is  to  look  for  and  to  respect  the  parathyroids  in  all  cases.** 

Von  Cyon  has  made  a  full  and  exliaustive  study  of  the  relation  of 
the  thyroid  gland  and  the  heart.  He  states  that  a  suppression  of 
the  thyroid  function  (through  illness  or  extirpation)  and  likewise 
an  increase  of  the  functional  activity  (injection  of  iodothyrin)  have 
a  very  great  influence  on  the  entire  nervous  system  of  heart  and 
bloodvessels.  He  proves  that  the  vagus  participates  in  the  inner- 
vation of  the  thyroid  gland,  or  is,  at  least,  closely  connected  with  it, 
and  offers,  in  his  discussion  of  the  hypotheses  on  the  functions  of  the 
thyroid  the  following  conclusions: 

(x)  "The  function  of  the  thyroid  gland  is  to  make  harmless  the 
salts  of  iodine,  which  have  a  toxic  effect  on  the  vagi  and  sympathetic 
nerves,  by  converting  them  into  an  organic  compound,  the  iodothyrin, 
which  has  a  stimulating  effect  on  the  same  nerves,  and  increasc\s 
their  power. 

(xi)  "ITie  thyroid  gland  functions  mechanically  as  a  safeguard 
for  the  brain  against  engorgement.  In  a  sudden  increase  of  blood 
pressure,  whether  from  increased  activity  of  the  heart  or  from 
mcreased  resistance  of  the  peripheral  blood  currents,  the  thyroid 
gland  is  capable  of  passing  a  large  amount  of  blood  in  a  short  time 
thn>ugh  its  vessels,  taking  it  thus  directly  from  the  arterial  back 
into  the  venous  circulation  and  preventing  its  entrance  into  the 
cerebral  circulation." 

Clinically  but  few  attempts  have  been  made  to  sej)arate  thyroid 
and  parathyroid  function.  Pineles^  observed  that  thyreoaphisia  is 
never  associated  with  tetany  when  iionnal  parathyroids  arc  prt\scnt, 
while  after  thyroidec*tomy,  where  the  parathyroids  are  also  removed, 
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tetany  frequently  results.  He  also  noted  that  most  cases  of  post- 
operative tetany  follow  bilateral  partial  thyroidectomy  (in  sudi  an 
operation  all  the  parathyroids  arc  removed).  He  thus  su^ests  the 
probable  relationship  of  tetania  strumipriva,  tetany  after  para- 
thyroidectomy, idiopathic  cases  of  tetany,  and  parathyroid  insuf- 
ficiency. 

Benjamins,'  in  Van  Iterson's  clinic,  studied  the  relationship  between 
postoperative  symptoms  in  thyroidectomy  and  the  parathyrads. 
Of  the  8  cases  studied,  in  4  instances  no  glands  were  found  in  the 
removed  mass,  yet  no  ill  effects  resulted;  in  1  case  one  gland  was 
found,  anti  in  twenty-four  hours  after  operation  the  patient  devdoped 
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KroiD  ihe  cortical  subalBQce  of  ihe  adranal  of  a  dog.   (Sijmionowta.) 

tetany  which  subsided  in  eight  days.  In  2  cases  three  glands  were 
found  and  tetany  occurred  three  to  five  days  after  operation  and 
lasted  only  one  week.  In  1  case  he  found  one  gland  and  no  ill  effects 
resulted.  He  thus  concludes  that  no  relationship  between  post- 
operative tetany  and  parathyroid  insufficiency  can  be  established. 

W'ssali  and  (jenerali,'  observed  that  tetany  can  follow  when  para- 
tliyn)iiis  arc  removed  with  the  thyroid,  and  that  cachexia  strumipri™ 
and  my.xiedeiun  result,  without  tetany,  when  the  parathyroids  are 
saved. 

Moussu'  treated  an  exophthalmic  goitre  case  with  goo<l  results 
by  parathyriiid  feeding,  but  the  case  soon  died  from  an  existing 
tul»:reulosis.    MacCallum^  seurL-hcd  for  the  parathyroids  in  8  cases 
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of  exophthalmic  goitre  operated  upon.  He  found  parathyroid  tissue 
in  only  4  of  them.  In  all  cases  where  the  parathyroids  were  found 
they  were  smaller  than  normal  and  in  2  instances  showed  parenchy- 
matous degeneration.  In  ^  very  acute  case  of  exophthalmic  goitre 
which  came  to  autopsy  he  was  unable  to  find  any  parathyroid  tissue. 
A  ease  of  exophthalmic  goitre  treated  with  parathyroids  showed  no 
improvement.  He  also  suggests  the  relationship  of  epilepsy  and 
parathyroid  insufficiency,  because  he  observed  epileptiform  con- 
vulsions in  parathyroidectomized  dogs. 

Jeandelize*  thinks  there  exists  a  relationship  between  parathyroid 
insufficiency  and  puerperal  eclampsia. 

In  summarizing  the  meagre  clinical  evidences  at  hand  it  may  be 
said  that  parathyroid  insufficiency  seems  to  l)e  associated  with  the 
muscular  hypertonicity,  manifesting  itself  as  a  tremor  in  exophthalmic 
goitre  and  as  tetany  after  parathyroidectomy. 

2.  The  Suprarenal  Capsules. — ^The  suprarenal  capsules,  or  bodies, 
are  found  constantly  in  all  classes  of  vertebrates,  and  seem,  therefore, 
to  be  organs  of  fundamental  importance.  They  are  two  small, 
flattened,  ^andular  bodies,  of  a  yellowish  color,  situated  at  the  back 
part  of  the  abdomen,  behind  the  peritoneum,  and  immediately  in 
front  of  the  upper  part  of  either  kidney. 

On  making  a  perpendicular  section  the  glands  are  seen  to  consist 
of  two  substances — external  or  cortical,  and  internal  or  medullary. 
ITie  former,  which  constitutes  the  chief  part  of  the  organ,  is  of  a 
deep-yellow  color  and  consists  chiefly  of  narrow  columnar  masses 
place<l  perpendicularly  to  the  surface.  The  medullary  substance  is 
soft,  pulpy,  and  of  a  dark-brown  or  black  color. 

Brown-S^uard  stated  in  1856  that  extirpation  of  both  suprarenals 
is  usually  fatal  to  the  animal,  and  more  rapidly  fatal  than  the  removal 
of  both  kidneys.  Recent  experiments  seem  to  corroborate  this  state- 
ment. The  fact  that  in  some  species  of  animals  accessory  supra- 
renals occur  may  explain  why  extirpation  is  not  always  fatal. 

(>n  removal  of  only  one  of  the  Ixxlies  no  noticeable  disturbances 
have  been  observed.  After  complete  removal,  with  ultimately  fatal 
results,  the  prominent  symptoms  were:  Extreme  muscular  weakness, 
asthenia,  and,  in  the  case  of  dogs  examined  during  this  period,  a 
great  fall  in  the  blood  pressure,  together  with  a  feeble  heart  lx*at, 
have  been  ascertained.  It  is  worthy  of  notice  that  in  Addison's 
disease  these  symptoms  occur,  together  with  the  familiar  pigmentation; 
the  explanation  of  these  symptoms  is,  however,  still  sub  judice. 

The  effects  of  injections  of  suprarenal  extracts  in  living  animals, 
on  the  vascular  and  respiratory  organs,  have  recently  Ix^en  studied 
by  Oliver  and  Schaefer,  and  by  Cybulski  and  Szymonowicz. 

Extracts  of  the  medullary  portion  of  the  suprarenals,  injected 
into  the  veins  of  an  animal,  caused  pronounced  slowing  of  the  heart 
beat  and  a  large  rise  of  blood  pressure.    If  the  animal  was  first  given 


294  SPECIAL  PHTSIOLOQ  Y 

atropin  to  paralyze  the  inhibitory  nerves  to  the  heart,  or,  if  the  vagi 
were  previously  cut,  the  injection  was  followed  usually  by  a  marked 
quickening  instead  of  slowing  of  the  heart  beat,  and  by  a  greater  rise 
of  blood  pressure.  The  organs  of  respil*ation  were  not  affected  so 
seriously.  A  temporary  slowng  and  shallowing  of  the  respirations 
could  usually  be  noticed.  According  to  Oliver  and  Schafer  the  heart 
is  influenced  by  the  direct  action  of  the  extract  upon  the  cardio- 
inhibitory  centre.  The  enormous  rise  of  blood  pressure  is  due  to 
constriction  of  the  arterioles. 

Blood  drawn  from  the  suprarenal  vein  and  injected  into  the 
circulation  of  normal  animals  causes  the  same  symptoms,  though 
less  intense,  as  injection  of  extract,  while  blood  drawn  from  other 
veins  has  no  effect. 

From  the  above  it  seems  -certain  that  a  material  formed  by  the 
secretory  activity  of  the  gland  cells  occurs  normally  in  the  venous 
blood  flowing  from  the  gland.  Probably  it  is  a  normal  product 
of  metabolism  of  the  medullary  cells  of  the  gland,  and  is  secreted 
and  discharged  directly  into  the  blood.  It  must,  therefore,  exert 
continually  a  stimidating  effect  upon  the  heart  and  bloodvessels.  This 
assumption  is  confirmed  by  the  fact  thai  after  complete  extirpation  oj 
both  glands  the  blood  pressure  is  greaily  depressed. 

The  normal  function  of  the  suprarenal  bodies  consists  in  furnishing 
this  stimulating  substance  to  the  blood.  It  is  believed  that  its  eflFects 
are  exerted  mainly  on  the  muscular  tissue;  at  any  rate,  it  has  a  general 
tonic  or  augmenting  action  on  all  varieties  of  muscles  found  in  the 
body,  or  perhaps  the  effect  may  l>e  on  the  nerve  centres  controlling 
the  muscular  action  rather  than  on  the  tissues  directly.  It  is 
impossible  at  present  to  decide  the  exact  mode  of  action. 

3.  Hypophysis  Cerebri. — ^The  hypophysis  cerebri  (or  pituitary 
body)  is  a  small  reddish-gray  mass,  weighing  from  five  to  ten  grains. 
It  is  very  vascular  and  consists  of  two  lobes,  separated  from  one 
another  by  a  fibrous  lamina.  Of  these,  the  anterior  is  the  larger, 
of  an  oblong  form  and  somewhat  concave  behind,  where  it  receives 
the  jx)storior  lobe,  which  is  round.  The  two  lobes  differ  both  in 
origin  and  structure.  The  anterior  lobe,  of  a  dark,  yellowish-gray 
color,  is  (Unelopc^d  from  the  ectoderm  of  the  buccal  caxdty,  and 
resembles  to  a  considerable  extent,  in  microscopic  structure,  the 
thyroid  body.  It  is  thus  a  glandular  structure.  According  to  Haller 
it  cannot  bo  called  strictly  a  ductless  gland,  since  it  possesses  an 
im|)erfectly  devclop(Ml  system  of  ducts  opening  between  the  dura 
and  pia  mater.  It  is  evidently  a  secretory  structure,  and  the  fact 
that  the  secretion  is  discharged  between  the  meningeal  membranes 
suggests  some  special  connection  with  the  physiology  of  the  brain. 
The  posterior  l()l)e  is  developed  by  an  outgrowth  from  the  embryonic 
brain,  and  durinir  fetal  life  contains  a  cavity  which  communicates 
through    the    infundibulum   with    the   cavity  of   the*  third   ventri- 
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?le.  It  is  always  small  and  has  the  appearance  of  a  rudimentary 
>rgan. 

The  clinical  observations  as  to  the  function  of  tlie  pituitary  body 
bave  been  limited  to  the  glandular  lobe.  In  many  cases  of  acrome- 
galia this  presents  pathologic  changes. 

Howell  has  made  experiments  with  extracts  of  both  lobes  of  the 
hypophjrses  (of  sheep)  separately.  Injections  of  extracts  of  the 
glandular  lobe  gave  little  or  no  effect,  while  injections  of  extracts  of 
the  infundibular  lobe  had  a  distinct  and  remarkable  effect  on  the  heart 
rale  and  blood  pressure,  which  resembles  in  some  respects,  and  differs 
in  others  from  thai  of  suprarenal  extracts. 

Extracts  injected  in  normal  animals  with  vagi  intact  caused  a 
pronounced  slowing  of  the  heart  beat,  similar  to  that  from  supra- 
renal extracts,  but  lasting  a  much  longer  time.  The  heart  l^eats 
were  not  only  slowed,  but  considerably  augmented  in  force.  The 
bloo<l  pressure  rises  to  a  considerable  extent,  owing  apparently  to 
the  peripheral  constriction  of  bloodvessels.  If  the  dose  was  a  maximal 
one,  and  followed  too  quickly  by  a  second  injection,  there  was  little 
or  no  effect,  but  if  the  dose  was  not  too  strong,  and  sufficient  time 
was  allowed  for  the  effects  to  wear  off,  they  could  be  repeated.  With 
each  repetition  the  effects  decrease  progressively  in  intensity. 

b.  Internal  Secretion  of  Liver,  Pancreas,  Testis,  etc* 

Because  the  liver  and  pancreas  possess  ducts  through  which  they 
pour  copious  secretions  into  the  alimentary  canal  it  was,  for  a  long 
time,  assumed  that  the  elaboration  of  their  respective  external 
secretions  was  their  sole  function. 

It  has  now,  however,  been  demonstrated  that  not  the  least  im- 
portant work  of  the  glands  in  question  is  the  formation  of  substances 
which,  thrown  into  the  blood  or  lymph,  profoundly  influence  the 
course  of  metabolism.  Only  a  brief  mention  of  these  activities  of 
the  glands  in  question  need  be  made  here. 

1.  The  Liver. — '^Vhc  bile  is  the  external  secretion  of  the  liver. 
Its  internal  secretions  are,  however,  of  vastly  greater  importance. 
Chief  among  the  internal  secretions  is  glycogen.  Important  products 
of  liver  activity  are:  urea,  uric  acid,  and  the  purin  bodies.  The 
relation  of  these  substances  to  metabolism  is  discussed  in  detail  in 
the  chapters  on  Metalx)lism  and  Excretion. 

2.  The  Pancreas. — ^The  experiments  of  von  Mering  (Arch,  /.  exp, 
Paih.u.  Pharm.,  1890,  vol.  xxvi.  p.  371)  and  the  reports  of  Minkowski 
{Ibid.,  vol.  xxxi.  p.  85)  introduce  the  pancreas  in  a  new  role.  Its 
extirpation  results  in  the  excretion  of  sugar  in  the  urine  (glycosuria), 
even  when  there  is  no  sugar  or  starch  in  the  food.  From  this  it  is 
evident:  (i)  that  sugar  may  be  formed  from  nitrogenous  food 
materials,  and  (ii)  that  the  pancreas  controls  the  final  katabolism 
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of  sugar  in  the  tissues,  whether  it  exerts  this  influence  through  the 
secretion  of  a  special  enzyme  or  through  some  substance  which 
exerts  an  inhibitory  effect  upon  sugar  fonnation  in  the  liver  and 
muscles. 

Opie  was  the  first  to  demonstrate  a  definite  etiologic  relationship 
between  glycosuria  and  the  islands  of  Langerhans  in  the  pancreas. 
By  careful  histologic  methods  he  demonstrated  the  predominance 
of  these  islands  in  the  tail  portion  of  the  organ ,  thus  clearing  the  mystery 
as  to  why  a  glycosuria  does  not  ensue  in  so  many  cases  of  complete 
destruction  of  the  head. 

In  considerably  more  than  half  of  the  cases  of  diabetes  Opie  found 
pancreatic  disease  in  the  form  of  sclerosis  and  hyaline  degeneration 
involving  these  interacinar  cellular  areas  of  Langerhans. 

In  operation  on  the  pancreas  it  is  only  necessary  to  leave  a  portion 
of  the  gland,  particularly  the  tail  (one-fourth  to  one-fifth),  to  prevent 
the  appearance  of  sugar  in  the  urine. 
nn^a  3.  The  Testis  and  Ovary.— The  removal  of  these  glands  early  in 
the  life  of  an  animal  exerts  a  profound  influence  upon  the  physical 
development.  The  male,  after  loss  of  the  testes,  develops  into  a 
being  possessed  of  male  and  female  physical  and  psychical  char- 
acteristics about  equally  balanced;  while  the  female,  after  loss  of 
the  ovaries,  develops  similarly  into  a  neutral  adult  lacking  those 
characteristics  which  we  recognize  as  distinctive  of  the  female. 

The  work  of  Brown-S^quard  {Arch,  de  physioL  norm,  et  path., 
1889  et  seq,)  demonstrates  that  the  animal  receives  from  these  glands 
an  internal  secretion  which  acts  principally  on  and  through  the 
central  nervous  system  and  leads  to  the  development  of  those  char- 
acteristics which  are  distinctly  male  or  female,  as  the  case  may  be. 
The  sum  of  these  characteristics  in  the  male  may  be  designated  by 
the  term  virility.  There  is  no  corresponding  term  by  which  we  may 
designate  the  sum  of  female  characteristics. 

The  glands  begin  their  activity  at  the  beginning  of  the  adolescent 
period  and  continue  their  influence  until  the  beginning  of  the  senile 
period  in  the  male  and  the  climacteric  in  the  female. 

The  active  substance  in  the  testicular  secretion  seems,  from  the 
experiments  of  Poehl,  to  l)e  spermin  (CJi^^H^).  This  substance 
appears  in  the  external  secretion  of  the  testes.  When  injected  it 
exerts  an  extraordinary  influence  as  a  tonic  to  the  neuromuscular 
system. 
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D.  CHEMICAL  INTBODUCTION. 

1.  FUMDABiEMTAL  CARBON  COMPOUNDS.      Y\     ^ 

One  cannot  gain  a  definite  idea  of  the  metal)olic  processes  of 
nutrition  without  knowing  the  chemical  composition  of  the  body 
and  of  foo<lstuffs,  and  following,  as  closely  as  may  be,  the  chemical 
reactions  which  take  place  during  the  processes  of  digestion,  and  the 
processes  of  constructive  and  of  destructive  metabolism. 

The  author  proposes  to  summarize  here  a  few  of  the  facts  of 
chemistry  that  may  l)e  convenient  for  reference  during  the  study 
of  the  succeeding  chapters  on  nutrition. 

'^The  chemistry  of  the  cariK)n  compounds  is  the  basis  for  physio- 
logic chemistry. 

The  compounds  of  carbon  with  hydrogen  form  the  basis  for  the 
consideration  of  all  of  the  higher  carbon  compounds. 

The  simplest  compound  of  carl)on  and  hydrogen  is  marsh  gas,  or 
methane^  CH^. 

A  clear  notion  of  the  relations  of  various  compounds  involved 
in  nutrition  can  only  l>e  gained  through  a  study  of  the  structural 
formula;  of  tho.se  compounds.  Ix»t  us,  therefore,  use  the  .structural 
fomiulic  as  far  as  po.ssible. 

The  .structural  formula  of  methane  is: 

H 


H— (>-H. 


I 
H 


298 


SPECIAL  PHYSIOLOGY 


Fio.  168 


As  these  five  atoms  must  be  conceived  as 
occupying  positions  in  tridimensional  space^ 
we  may  assume  that  they  are  symmet- 
rically arranged  with  the  carbon  atom  in 
the  centre.  That  gives  us  a  tetrahedron 
i^ith  each  hydrogen  atom  equidistant  from 
each  other  hydrogen  atom.  The  space 
relations  of  the  atoms  being  as  yet  largely 
conjectural,  we  will  be  content  with  repre- 


space  relations  of  the  atoms  in     renting  the  moleculc  On  a  plane  surface. 


methane.  All  of  the  hydrogen   atoms  are  displace- 

able.  They  may  be  displaced  singly  by 
monads  or  monivalent  radicals,  or  by  two  diads,  etc.  One  funda- 
mental method  of  combination  of  carbon  atoms  is  through  dropping 
two  hydrogen  atoms: 

H  H  H   H 


H 


HH 


■  •      « 

H  H    H 


This  compound  is  called   Ethane,  and  may  be   written   C,H,  or 

CH3— CH3. 

The  third  carbon  compound  in  the  series  is  Propane,  written 

C3II,;  CH3-CH3-CH3  or: 

H   H   H 

H-r— C— CH. 
.      ■      • 

H    H    H 


The  fourth  member  of  the  series  is  Butane:  C^Hj^^;  CH, — CH,— 


CH  — CH3  or: 


H    H    H    H 

•  •  •  • 

HC— C— C— CH, 

•  •  •  • 

H   H   H    H 


The  scries  may  be  continued  through  Peniane,  Hexane,  Heptaney 
Octane,  Dodecane,  and  Ilccdecane,  which  are  called  the  normal 
paraffins. 

If  one  study  the  structural  formula  of  butane,  he  finds  that  the 

same  number  of  atoms  may  be  difftTcntly  arranged  and  still  satisfy 

all  of  the  bonds: 

H 

H-CH 

I      H 
H-C— CH 

I      H 
H-CH 


H 
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The  two  fonns  of  butane  which  exist  can  only  be  accounted  for 
in  this  way.  This  property  of  the  molecule  is  called  Isomerism. 
Tlie  first  butane  is  normal  butane,  the  second  ijoiutone.  As  the  series 
advances  the  possibility  of  isomerism  rapidly  increases. 

Let  us  now  turn  our  attention  to  some  of  the  derivatives  of  the 
series  of  hydrocarbons.    If  one  of  the  atoms  of  hydrogen  be  removed 
from  CHj  a  monad  radical  methyl  will  result:   Methyl  =  CH,.  * 
In  a  similar  way  arise  the  monad  radicals: 

Ethyl  =  C,H,  — ;  CH,  —  CH,  — . 

Propyl  =  CH,  — ;  CHi  —  CH,  —  CH,  — . 

Buiyl  =  C.H,  — ;  Pentyl  =  C,H„  — ;  Heiyl  =  C,H„  — ,  etc. 

When  one  of  the  monad  radicals  takes  the  place  of  one  of  the 
hydrogen  atoms  of  a  molecule  of  water  an  alcohol  results: 
HO-CH,,  methyl  alcohol. 

Another  way  of  representing  the  matter  is  to  conceive  one  of  the 

atoms  of  hydrogen  of  the  hydrocarbon  (methane,  ethane,  etc.)  to  be 

exchanged  for  OH,  or  hydroxyl,  which  may  be  written :   CHjOH. 

In  the  same  way  arises  the  series  of  primary  monaUymic  alcoh/ds; 

Ethyl  alcohol,  CjHsOH ;  or  CH,  —  CH,OH. 

Propyl  alcohol,  C,H,OH ;  or  CH,  —  CH,  —  CH,OH. 

In  the  propyl  alcohol  it  is  evident  that  the  hydroxyl  may  displace 
a  hydrogen  from  the  central  carbon  atom  instead  of  one  of  the  end 
atoms,  giving  the  formula  CH, — CHOH — CH,,  or  secondary  propyl 
alcohol,  which  is  tlie  first  one  of  a  series  of  secondary  monatomic 
akohoU. 

Table  showing  the  normal  parafiin  series  with  the  corresponding 
radicals  and  primary  monatomic  alcohols: 

TAB  FlkAfrtlO.  RlDICAU. 


tmnulit  /  CB|<CUt)D->CB| 


■IhUH.  CH,-Cir, 
PnpUM.  CU|— CH(-CB, 
hiUiM,  CHilCIIiMTH, 
FvnUne.  CitrHCflri.-CH, 
UnuiM.  CHi— ICEI,)(— Cili 

RapuDc.  *:a,-»-B,i,-cu, 

Oetuw,  VHi— (LB,)!— CH, 


)t,  cnr-c^,oii 

lol,  <:iJ,-CHj— CH,OH 
Bl,  CH,-(Cir,),-CH,Ol 


Propyl  »lc.   .  . 

Hulyl  .Icobol,  C .„    ._,._ 

I^atyl  Blcobol.  CII,-(CII,)i'  CU,OH 

Heiyl  (kicobol.  CH,— {CHil.-CHtOH 

-  Heplyl  alcohol,  CHr-<CH,)e-CH,OH 

Octfl  alcobol,  CUr-<CU,),-CH,OH 


Any  primary  alcohol  when  oxidized  step  by  step  undergoes  the 
following  change  as  the  first  step: 


Etbyl  sldchjrdc. 
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The  second  step  consists  in  the  addition  of  an  oxygen  atom  to 
the  molecule  thus :  ethyl  aldehyde  +  oxygen  =  acetic  acid  (number 
2  in  the  fatty  acid  series). 

CH,— CHO  +  O  =  CH,-CX)OH. 

The  group  COOH  is  called  the  carboxyl  group. 
The  following  table  shows  the  'primary  monntomic  alcohols  and  the 
corresponding  oxidation  products — aldehydes  and  fatty  acids: 


Alcohols. 
CH3-(CH2)n-uCHs.CH 


Methyl  alcohol,  H.CHg.OH 
Ethyl  alcohol.  CH;r-CH2.0H 
Propyl  alcohol, 

CHa— (CH2)i— CH-.OH 
Butyl  alcohol, 

CH3-(CH..)2— CH-.OH 
Pentyl  alcofiol, 

CHa— (CH2)3-On2.0H 


Aldehydes.  Patty  Acids. 


CHa-(CHs)ii -iCHO  CHs.(CH,)o~KX)OH 


Methyl  aldehyde.  H.CUO     Formic  acid.  H.COOH 

Ethyl  aldehyde.CHs~CUO  Acetic  acid.  CH,— COOH 

Propyl  aldehyde.  Propionic  acid.  CH,— <CHt)i— OOOH 

CHx- (CH-),— CHO  Butyric  acid.»  CHr-(CHa),-COOH 

Butyl  aldehyde.  Valeric  acld.i  CHg— (CUs),— OOOB 

CHr-(CH2)--CHO  Caprolc  acid,  CHr-<C'Ha)4— COOH 

Pentyl  aldehyde.  (Enanthylicacid.  CH.— <CHsk-COOH 

CHa— (CH,)8— CHO  Octylic  acid.  CHr-(CHa)«— COOH 

CapryUc  acid,  CHr-iCHjh-OOOH 


Higher  normal  fatty  acids  whose  formulae  may  be  written  from 
the  above  generalized  formula  are:  10th  Capric  acid,  12th  I>auric 
acid,  14th  Myristic  acid,  16th  Palmitic,  17th  Margaric,  18th  Stearic, 
20th  Arachnic,  30th  Mclissic  acid. 

The  oxidation  of  the  primary  monatomic  alcohols  gives  rise  to 
a  series  of  aldehydes  of  the  monatoinic  alcohols. 

The  oxidation  of  the  secondary  monatomic  alcohols  gives  rise  to 
a  series  of  ketones.  The  first  step  in  the  oxidation  may  be  repre- 
sented thus: 

CHj-CHOH— CH,  -f  ()  -z  H,()  -f  CH,— CO— CH,. 

Secondary  propyl  alcohol  +  ()  =  H/J  +  ketone  of  secondarj' 
propyl  alcohol. 

Note  that  the  ketone  contains  two  methyl  radicals  joined  by  CO. 
Its  chemical  name  is  Dimethylketone.  The  ketone  derived  from 
secondary  butyl  alcohol  has  the  formula:  CH, — CH, — CO — CH,, 
and  may  be  called  MethyU^thylketone.  A  further  oxidation  breaks 
up  the  ketone  into  its  elements,  yielding  acids  which  contain  fewer 
atoms  of  cariK)!!  than  the  secondary  alcohol  trom  which  they  were 
derived. 

The  Diatomic  Alcohols,  or  Glycols.^The  combination  of  two 
carbon  atoms  in  the  paraffin-c^thane  {CH^ — CH,)  may,  under  certain 
conditions,  be  l)rought  about  with  fewer  than  six  hydrogens,  yet  all 

^  (^orresiJomiing  to  butyric  acid  is  isobutyric  acid,  written  :  {CHjV-CH— COOH;  and  corraqwnd- 
ing  to  valeric  acid  is  its  isomere,  i!k)valeric  acid,  or  the  common  valerianic  add  (CHs)t— CH— 
CH — COOH. 
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of  the  bonds  of  carbon  will  be  satisfied.     The  following  formula 
shows  the  structure  of  this  molecule: 

H     H 
M.C  ==  C.H. 

It  is  called  Ethylene  and  has  the  general  formula  CnHjU. 

It  is  also  called  olefiant  gas,  and  is  the  first  of  a  series  of  olefines. 

Derived  from  the  olefines  are  the  glycols,  or  diatomic  alcohols, 
oxidation  of  which  gives  rise  to  the  Lactic  acid  series  (monobasic), 
or  the  Oxalic  acid  series  (dibasic). 

Lactic  acid  has  the  formula:  CH3— CHOH— COOH;  Oxalic 
acid,  COOH— COOH. 

The  Triatomic  Alcohols  and  Derivatives.— The  series  of  triatomic 

alcohols  begins  with  the  tricarbon  radical  propenyl,  which  is  derived 
from  propane: 

H      H      H 

•  •  • 

HC  —  C  —  CH. 

I        I        I 

WTien  the  three  bonds  are  satisfied  with  hydroxyl  we  have  propenyl 
alcohol,  glycerol  or  glycerin:    CHpH— CHOH— CHjOH. 

It  is  evident  that  in  the  propenyl  radical  two  of  the  open  l)onds 
may  be  reciprocally  satisfied,  giving  rise  to  a  monad  radical  allyl 
ami  its  corresponding  alcohol:    CHj==CH — CHjOH. 

The  acid  series  corresponding  to  this  alcohol  is  called  Oleic  Acid 
Series,  oleic  acid  being  the  XVHI.  meml)er  of  the  series  CH, — 
(CH,)^  — (CH),— COOH. 

The  tetraiomic  alcohols  begin  with  the  derivative  of  butane,  having 

the  formula: 

H     H      H     H 

•  •  •  • 

H(;  —  C  —  C)  —  CH 

I        I        I 


When  each  of  these  open  bonds  is  satisfied  we  have  the  tetrad 
alcohol  erythrol:  CH,OH— (CHOH),— CH,OH.  The  hexatomic 
alcohols  begin  with  mannitol  or  mannite,  whose  formula  is  CH,OH — 
(CHOH),— CH,OH.     (See  Carbohydrates,  p.  303.) 


The  Benzole  Derivatives. 

'Hie  carbon  compounds  thus  far  considered  are  arranged  with 
the  carlx)n  atoms,  forming  a  chain.  There  is  some  departure  from 
this  rule  in  the  isomeres  of  the  fundamental  conijK)unds,  but  the 
"chain  type"  is  dominant.  In  benzine  and  the  In^nzole  derivatives 
we  have  a  radical  departure  from  this  type  in  the  **ring  type." 
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H 
C 

HC       CH 

II         I 
HC       CH 

\^ 
C 

H 

Note  that  the  four  bonds  of  the  carbon  atoms  are  reciprocally 
satisfied  as  indicated,  the  particular  location  of  the  double  bond 
being,  of  course,  conventional.  Note  also  that  this  hydrocarbon 
has  a  much  larger  proportion  of  carbon  than  is  the  case  in  the  chain- 
type  of  hydrocarbons.  The  hydrogen  atoms  are  displaceable  by 
monads  or  monad  radicals,  thus  giving  rise  to  a  long  series  of  Benzole 
derivatives  or  "Aromatic  compounds."  Phenol,  Carbolic  acid, 
Phenylhydroxide,  or  hydroxybenzole  has  the  following  formula: 

OH 

• 

C 

/^ 
HC       CH 

II         I 
HC       CH 

\/^ 
C 
H 

If  two  of  the  hydrogen  atoms  be  <lisplaced  by  hydroxyl  the  rela- 
tive jx)siti()n  of  these  two  hydroxyls  is  not  a  matter  of  indifference; 
if  they  are  adjacent  to  each  other,  thus: 

COH 

A 
HC^     HHyii 


CH 

it  is  called  or/Z/o-ilihydrnxylxMizole  (catechol). 

If  the  two  hydroxyls  arc  not  adjacent,  but  occupy  the  positions 
1..S  or  1.5  the  compound  is  called  //w'/a-dihydroxybenzole  (resorcinol)* 
If  the  radicals  are  syninietrically  opposite,  as  at  position  1.4,  the 
conijHiund  is  a  para-i'()nii)()und,  in  this  case  paro-dihydroxybenzole 
((juinol  or  hifdroquinonv). 

A  few  cxanipl(\s  will  show  the  general  structure  of  the  bodies. 

(1)  Ortholiydroxyhenzoic,  or  salicijlic  acid: 

C«H,()H  —  C(H)H. 

(2)  ParaetliylpluMiol  or  para-hydroxyphenyl  ethyl: 

(V.H4()]l--C,H5. 

Parahy(lr()xyplicnyl-a-anii(lopr()])ionic  acid,  or  Tyrosin: 

r^U^on  —  CH,  —  CHNH,  —  COOH. 


DIGESTION  303 

2.  THE  OABBOHYDRATES. 

a.  Olycoses,  or  Monosaccharides. 

This  most  important  class  of  organic  compounds  includes  various 
aldehydes  and  ketones  of  the  higher  alcohols,  beginning  with  the 
triatomic  propenyl  alcohol,  glycerol. 

The  following  reaction  indicates  the  course  which  similar  changes 
take  in  the  higher  alcohols  as  well  as  in  glycerols: 

2(CH,OH  -  CHOH  -  CH.OH)  +  O,  =  2H,0  +  {  ^"gg  Z  CO -\i.OH^" 

2  Glycerol  +  Oxygen  =■-  Water  +  2  Glyoerosc;  i.  e.,  { £tnetf  GlyS" 

The  aldehydes  in  the  carbohydrate  series  are  called  aldoses,  while 
the  ketones  are  called  ketoses.  The  oxidation  of  glycerol  results,  as 
above  indicated,  in  a  mixture  of  equal  parts  of  the  aldose  and  ketose 
of  glycerol. 

ITie  monosaccharides  are  classified  according  to  the  number  of 
carbon  atoms  in  the  chain.  Those  with  three  carbons  are  called 
Trioses,  those  with  four  carbons  Tetroses,  those  with  five  carbons 
Pentoses,  and  those  with  six  carbons  Hexose^.  The  monosaccharides 
may  be  classified  as  follows: 

(a)  Trioses — Ex.  Glycerose,  a  mixed  aldose  and  ketose  (CjH^O,). 

(6)  Tetxose — Ex.  Erythrosc»,  the  aldose  of  eruthrol  (C^H^OJ. 

(c)  Pentose — Ex.  Xylose  and  Arabinose,  both  having  the  formula 
(C.H..O.). 

(d)  Hexoses  or  Olocoses  represent  aldoses  and  ketoses  of  the 
hexamotic  alcohols,  mannitol,  dulcitol,  and  sorbitol. 

(«)  Di':xTR()SE,  d-glucose,  grape-sugar,  is  the  aldose  of  sorbitol: 
CH,OH  —  (CHOH),  —  CHO,  or  C^U^P,.  Dextrose  is  a  swet^t, 
crystalline  substance,  whose  solutions  rotate  polarized  light  to  the 
right — i.e,,  dextrorotary. 

(/3)  Lkvui/)se,  d-fructose,  fruit-sugar,  is  the  ketose  of  mannitol: 
CH,OH(CHOH)3— CO— CHjOH.  This  sugar  occurs  in  honey 
and  in  many  fruits. 

(y)  Galactose,  or  d-galactose,  is  the  aldose  of  dulcitol. 

(o)  Mannose  is  the  aldose  of  mannitol. 
.^  'Hie  hexoses  or  glucoses  are  incomparably  more  important  than 
any  of  the  other  glycoses  because  they  enter  so  largely  into  the 
dietary  of  man  and  the  higher  animals. 

b.  Sucroses,  or  Disaccharides. 

These  arc  double-groujx*d  sugars  which  rc»prescnt  a  conihiiiation  of 
two  hexose  groups  minus  a  molecule  of  water. 
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(a)  Saccharose,  or  cane-sugar,  is  composed  of  a  combination  of 
dextrose  and  levulose  as  follows:  The  dextrose  loses  OH  from  a 
CHOH  group  and  levulose  loses  H  from  a  CHOH  group,  thus 
releasing  a  bond  in  each  chain.  These  bonds  hold  the  chains  together 
into  a  disaccharide  molecule.  Dextrose  +  levulose  —  HjO  =  Soc- 
charose  (C^fl^O^^). 

(b)  Lact03e,  or  milk-sugar,  is  likewise  composed  of  a  galactose 
group  with  a  dextrose  group  dehydrated :  Dextrose  +  galactose  — 
Ufi  =  Lactose  (Cj^H^jOji). 

(c)  Maltose  is  an  end  product  of  the  action  of  amylolytic  ferment*? 
upon  starch,  the  hydrolysis  of  the  starch  molecule  resulting  in  its 
cleavage  into  maltose  and  a  dextrine.  Dextrose  +  dextrose  —  H,0= 
maltose.  Its  quantitative  formula  is  Cj^Hj^Oj,.  In  common  with  dex- 
trose, lactose,  and  fructose  it  reduces  Fehling's  solution. 

c.  The  Polysaccharides,  or  Amyloses. 

ft 

To  this  class  of  carbohydrates  l)elong  the  starches,  gums,  dextrim, 
and  cellulose.  The  molecular  constitution  is  unknown.  The  members 
of  the  class  have  in  common  the  general  formula  (QH,^j05)n.  To 
the  quantity  n  various  values  have  been  assigned. 


d.  Classification  of  Carbohydrates. 


Monoeacc  harides, 
or  gly(;o6es 


Carbohydrates 


Diflaccbarides 
sucrosoB 


roiysaccharides, 
or  amyloses 


'  Trloses :  glycerose. 
Tetroaes:  erythrofie. 
PentO!«e8 :  xylose,  arabinoat. 


,  or    ( 


Uexoftes,  or 
glucoses 


Dextrose,  or  grape-ftagar. 
Levulose,  fhictose,  or  ftnit-sognr. 
Galactose. 
llaiiDose. 


Saccharose. 

LACtose. 

Maltose  and  Isomaltose. 


The  dextrins 


Amylodextrln. 
£r>'throdextrin. 
AchroUdextrln  a* 
AchroOdextrln  3. 


The  gums :  gum  ambic,  etc. 

The  sta..he«   {  XS^i'SU'JJhfglycogen. 
CelluloNe. 


3.  THE  FATS. 


In  our  review  of  the  fundamental  carbon  compounds  we  have 
found  a  series  of  normal  fatty  acids  which  are  derived  from  the 
monatomic  alcohols.  These  fatty  acids  have  the  general  structural 
formula : 

CH3 — (CH2)n-2 — coon,  llie  sixteenth  member  of  this  series 
is   palmitic   acid,   which   ha,s  the   formula  CH, — (CH,),^ — COOH. 
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Propenyl  alcohol,  or  glycerol,  is  the  first  member  of  the  series  of 
triatomic  alcohols  and  has  the  formula:  CHjOH — CHOH — 
CH,OH  or  CjHjCOH),. 

When  these  two  bodies  are  brought  together  under  proper  con- 
ditions there  is  a  combination  of  one  molecule  of  glycerol  with  three 
molecules  of  the  fatty  acid  to  form  one  molecule  of  Palmitin  or 
Tripalmitin,  one  of  the  common  fats: 

(^H,(CH,)i«COO:H  +  HOjCH,  1 

CH,(CH,),4C00:H  +  HolcH  \  =  mfi  +  [CH3(CH,)„ifX)0]5(:3H5. 

I  Ml 

CH,(CH,)mCOOjH  -f  HO  CHj  J 

3  Palmitic  arid  +  Glycerol  =  Water  -f-  Pabuitin  or  Tripalniitin. 

In  a  similar  way  Stearin  or  TriMearin  is  fonned  from  three  mole- 
cules of  stearic  acid  and  glycerol,  and  has  the  formula:   [CH8(CIl2)ifl- 

COOtCjH^. 
Olein  is  a  similar  combination  of  three  molecules  of  oleic  acid 

(which  is  the  eighteenth  member  of  the  oleic  acid  series,  derived  from 

the  triatomic  alcohols),  and   has  the  formula:    [Cn3(CH2),4(CH)j- 

COOJjCjHj  or  (Ci8H3502)3C3H5.       Palmitin,  stearin,  and  olein  are 

the  fats  which  are  deposited  in  the  adipose  tissue  of  the  animal  body. 

Palmitin  has  a  melting  point  of  45°  C;  stearin,  53°  to  66°  C;  olein, 

0°  C.    The  animal  fats  are  mixtures  of  these  three  constituents  in 

various  proportions  peculiar  to  each  species  of  animal. 

The  melting  point  of  a  mixture  is  the  proportional  average  for 

the  fats  which  compose  the  mixture.     Both  palmitin  and  stearin 

have  a  melting  point  above  animal  temperature.     The  fat  of  the 

animal  body  is  always  in  a  fluid  state  during  life.    The  mixture  of 

the  three  constituents  must  include  sufficient  olein  to  ensure  the 

fluidity  of  the  fat  at  body  temj)erature.     But  the  melting  point  of 

the  fat  of  different  animals  varies  through  a  wider  range  than  does 

the  temperature  of  the  animals. 


4.  THE  PROTEINS. 

The  term  protein  is  a  general  one  which  includes  a  class  of  com- 
pounds of  which  egg  albumen,  serum  albumin,  haemoglobin,  and 
fibrin  may  serve  as  examples.  Though  any  of  these  may  serve  as 
animal  foo<I  in  common  with  the  carix)hyd rates  and  the  fats,  they 
stand  much  nearer  to  living  protoplasm  than  do  carlx)hydrates 
and  fats. 

In  fact  the  living  matter  which  we  call  protoplasm  and  which 
possesses  the  marvelous  power  of  lil)erating  the  energy  which  we 
call  life,  if  deprived  of  life  and  subjected  to  ch(»mic  analysis,  is 
shown  to  be  only  a  mixture  of  proteins,  together  with  various  sub- 

20 
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stances  which  may  represent  foodstuffs,  in  various  stages  of  anabolism 
or  cleavage  products  of  protoplasm  in  various  stages  of  katabolism. 
Just  what  changes  take  place  between  the  departure  of  life  and  the 
resolution  of  the  protoplasm  into  the  various  compounds  just  referred 
to,  it  is  impossible  to  say.  Of  the  various  foodstuffs  and  katabolites 
found  in  protoplasm  it  is  likely  that  all  or  nearly  all  are  purely 
incidental  to  the  life  processes,  and  that  the  matter  which  actually 
possesses  life — i,  e.,  the  true  protoplasm — is  a  substance  quite  like 
the  simple  proteins  chemically. 

The  chemistry  of  the  proteins  is  still  a  collection  of  facts  which 
fail  to  reveal  the  quantitative  formula,  much  less  the  structure  of 
the  molecule.  The  most  trustworthy  analysis  of  egg  albumen  is  that 
of  Franz  Hofmeister  {Zeiisch.  fiir  physioL  Chemie,  1892,  Bd.  xvi.), 
which  resulted  in  the  following  formula: 

Egg  albumen  =  G^hHs^NmCVS. 

Though  this  molecular  formula  for  egg  albumen  may  be  modified 
by  subsequent  investigations,  it  serves  to  indicate  (1)  that  typical 
proteins  contain  C,  H,  O,  N,  and  S,  and  (2)  that  typical  proteins  are 
made  up  of  exceedingly  large  and  complex  molecules. 

Besides  the  elements  alx)ve  enumerated,  some  of  the  proteins 
(nucleoproteins)  contain  phosphorus  and  some  (chromoproteins) 
contain  iron. 

The  indiffusibility  of  most  of  the  proteins  may  be  due  to  the  great 
size*  of  the  molecule. 

The  proteins  are  necessary  constituents  of  animal  food.  There 
is  a  certain  minimum  protein  requirement  for  every  animal.  If 
the  food  contain  less  than  that,  the  animal  must  die  of  malnutrition. 
On  the  other  hand,  carl)ohyd rates  or  fats  or  both  of  tliese  may  be 
withheld  from  an  animal  and  no  serious  result  will  follow. 

The  Reasons  for. these  facts  will  Ix*  given  later.  The  facts  are 
mentioned  here  to  impress  the  student  with  the  great  importance 
of  the  proteins  in  nutrition. 

Certain  chemical  characteristics  of  the  proteins  will  be  mentioneil 
in  connection  with  their  classification. 


OLASSIFIOATIOM  OF  PROTEINS.^ 

a.  Proteins  Proper. 

I.  Albumins. — ^Soluble  in  water;  and  in  a  saturated  solution  of 
MgSO^  or  NaCl,  insoluble  in  a  saturated  solution  of  (NH^)jS(\. 
The  albumins  are  coagulated  by  moderate  heat,  63°  to  75®  C,  and 
respond  typically  to  the  xanthoproteic  test,  Millon's  reagent,  and 

1  The  Cohnheim-IIammarsten  clossiflcatiou. 
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oilier  general  protein  tests.  The  following  native  albumins  may 
be  given:  (i)  Egg  albumen,  precipitated  by  ether  (Halliburton), 
(ii)  Serum  albumin,  not  precipitated  by  ether  (Halliburton).  It 
is  the  principal  protein  constituent  of  blood  plasma,  (iii)  Lacto- 
albumin  is  one  of  the  protein  constituents  of  milk.  When  milk  is 
boiled  the  lactoalbumin  coagulates  and  collects  upon  the  surface 
in  a  thin  membrane.  (iv)  Myoalbumin  is  one  of  the  proteins  of 
muscle  tissue,  (v)  Yegetable  albumin,  of  which  there  may  be  several 
kinds. 

2.  Olobulins. — Insoluble  in  water,  in  saturated  solutions  of 
MgSO,,  NaCl,  and  (NHJ^SO,;  but  soluble  in  dilute  NaCl  solution: 
(i)  Serum  globulin,  one  of  the  proteins  of  blood  plasma  and  of  lymph, 
(ii)  Fibrinogen  is  the  plasma  or  lymph  protein  which  is  coagulated 
or  precipitated  under  the  influence  of  fibrin  ferment  and  the  calcium 
salts.  ITie  coagulated  form  probably  somewhat  modified  chemically 
is  called  fibrin,  (in)  Myosinogen,  the  principal  protein  of  living 
muscles.  It  coagulates  after  death  and  is  in  its  modified  form  called 
myosin.  (iv)  Myoglobulin,  associated  with  myosinogen  in  the 
composition  of  muscle  tissue,  (v)  Globin,  one  of  the  constituents  of 
ha*mo^ol)in.  (vi)  Vegetable  globulin;  there  are  probably  several 
forms. 

3.  Nucleoalbaniins.~This  group  has  Ix^en  called  one  of  p/i/w- 
phorized  proteins.  They  differ  from  the  nucleoproteins  in  not 
yielding  any  of  the  purin  bases  on  cleavage;  nor  do  they  contain 
nucleic  acid.    Examples  are  casein  and  vitelline. 

b.  Derived  Proteins. 

To  this  class  belong  all  of  those  modifietl  proteins  which  are 
derived  from  native  or  combined  proteins  by  physiologic  processes. 

1.  Albuminates. — ^^Fhese  Imdies  are  derived  from  the  native 
proteins  through  the  action  of  an  acid  or  alkaH.  (i)  Acid  albumin, 
or  Syntonin,  fonned  in  the  stomach  by  the  action  of  HCl  or  other 
acid  upon  a  protein,  (ii)  Alkali  albumin,  formed  in  the  small 
intestine  by  the  action  of  the  alkaline  j)ancreatic  juice  u}K)n  the 
simple  proteins  of  the  foods. 

2.  Proteoses  and  Peptones. — These  substances  are  derived  from 
native  proteins,  or  from  albuminates  by  hydrolysis,  probably  by  a 
hydrolytic  cleavage  of  proteins,  esj)ecially  of  the  albuminate  derivatives 
of  native  proteins. 

c.  Proteids. 

1.  Nudeoproteids. — ^^rhese  bodies  are  native  com}M)unds  of 
nucleinic  acid  with  protein.  The  nucleinic  acid  contains  phosphorus, 
hence  all  nudeoproteids  contain  phosphorus;  some  of  them  contain 
iron.  An  example  is  ceU  nuclein,  the  chief  protein  of  the  nuclei  of 
animal  and  vegetable  cells. 
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2.  Ohromoproteids  are  native  compounds  of  a  protein  with  an 
animal  pigment:  (i)  Haemoglobin,  globin  with  ha^matin  in  a  true 
chemical  combination.  ^Fhe  pigment  is  hsematin  which  contains 
iron,  (ii)  HistohTmaiin,  tissue  hsematin,  especially  tlie  hfematin  of 
muscle  tissue;  also  called  myolnematin. 

3.  Olucoproteids  are  native  compounds  of  protein  with  a  carbo- 
hydrate or  allied  body. 

(tf)  Glucoproteids  free  from  phosphorus:  (i)  Mucins;  (n) 
Mucoids;  (iii)  Colloid;  (iv)  Amyloid. 

(/5)  PrioSPHOGLUCOPROTEiDs:    (i)  Ichthulin;  (ii)  Helicoproteid. 

d.  Albuminoids. 

These  substances  are  closely  related  chemically  to  the  other 
proteins  and  are  derived  from  the  native  proteins  by  metabolic 
processes. 

1.  Native  Albuminoids. — ^l^hese  include  those  albuminoids  which 
exist  normally  in  the  animal  body,  (i)  Collagen.  Tlie  substance  of 
which  white  fibrous  connective  tissue  is  composed.  It  is  also  a 
constituent  of  bone  and  of  cartilage,  (ii)  Elastin.  ^Fhe  substance 
of  which  yellow,  elastic  fibres  of  connective  tissue  is  formed,  (iii) 
Keratin.  The  horny  material  which  is  characteristic  of  the  corneous 
layer  of  the  epidermis,  of  nails,  hair,  horns,  hoofs,  and  feathers. 
Keratin  has  a  much  larger  proi>ortion  of  sulphur  than  other  proteins 
have.     Neurokeratin  is  found  in  the  medullary  sheath  of  nerves. 

2.  Derived  Albuminoids. — ^^rhis  class  contains  one  example, 
namely:  (i)  Gelatin,  which  is  derived  from  coUngen  by  hydration. 
It  is  an  artificial  product  and  is  prepared  by  long  Lx)iling  of  any 
of  the  connective  tissues  of  the  animal  body.  The  collagen,  at  first 
insoluble,  becomes  hydrated  and  soluble  gelatin,  which  on  cooling 
sets  into  a  jelly.  When  the  excess  of  water  evaporates  tlie  mass 
is  amorphous  and  vitreous.  It  is  soluble  in  hot  water,  indiffusible, 
gives  most  of  the  general  protein  reactions,  and,  what  is  of  great 
importance,  is  digestible.  It  follows  the  general  course  of  protein 
digestion  and  is  absorbed  a^  gt^latin  peptone.  This  gelatin  peptone 
can  l)e  kataholized  in  the  tissues,  l)ut  it  cannot  be  built  up  into  tissue 
protoplasm.  Its  imjK)rtancc  in  nutrition  will  be  discussed  under 
metabolism. 

5.  FERMENTS  AND  ENZTMES. 

a.  Ferments  in  General. 

Every  living  cell  has  the  ])()wer  to  cause  chemical  reactions.  Food 
materials  are  absorbed  l)y  tlie  cell  and  are  either  first  built  up  into 
protoplasm  l)y  a  series  of  anabolic  reactions,  to  be  later  subjected 
to  a  series  of  katal)olic  reactions,  or  directly  subjected  to  katabolism. 
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A  tissue  cell  of  a  complex  organism  selects  from  the  tissue  plasma 
which  surrounds  the  cell  the  materials  which  are  to  enter  the  series 
of  metabolic  changes.  A  unicellular  organism  selects  the  materials 
from  the  liquid  or  other  medium  which  immediately  surrounds  it. 
The  materials  so  selected  may  be  called  the  cell  foods.  '^The  foods 
selected  by  different  one-celled  organisms  are  as  different  as  the 
heredity  and  environment  of  the  organisms. 

Whether  or  not  the  food  must  be  built  up  into  living  protoplasm 
before  it  can  be  broken  up  into  simpler  bodies  is  still  a  matter  of 
controversy.  There  is  no  doubt,  however,  that  sooner  or  later  all 
of  the  material  absorbed  by  the  living  cell  must  be  katabolized  or 
broken  up  into  simpler  compounds. 

After  a  certain  number  of  katabolic  changes  the  organism  seems 
to  have  exhausted  the  energy  of  the  material  so  far  as  it  is  capable 
of  doing  so.  The  final  products  of  the  katabolism  (katabolites)  are 
useless  to  the  organism  and  are  rejected  (excreted).  Among  the 
katabolites  are:    CO,,  H,0,  NH,,  CH„  H,,  H^S. 

These  all  represent  compounds  or  elements  whose  energy  is 
practically  exhausted.  There  are  many  cell  katabolites  which  are 
more  or  less  complex  and  represent  much  energy:  alcohol,  acetic 
acid,  butyric  acid,  etc. 

Among  the  above-mentioned  katabolites  are  several  which  are 
gaseous.  If  these  gaseous  materials  are  given  off  in  sufficient  quan- 
tities they  escape  in  bubbles.  If  the  unicellular  organism,  e.g., 
the  yeast  cell,  is  living  in  nutrient  fluid  containing  sugar — dextrose — 
it  will  take  up  the  sugar,  and  will  excrete  alcohol  and  CO,.  The 
CO,  escapes  in  gaseous  form.  The  observation  of  this  phenomenon 
gave  rise  to  the  term  fermentation.  The  organism  which  causes 
the  fermentation  is  called  a  ferment.  In  the  light  of  the  chapters 
on  general  or  cellular  physiology  and  of  the  introductory  statements 
above,  it  must  be  evident  that  fermentation  w  a  phase  of  cellular  \ 
nutrition.  The  term  has  been  extended  to  include  all  of  those  phases 
of  the  nutrition  of  unicellular  organisms  which  involve  the  consumption 
of  complex  substances  and  the  excretion  of  simpler  ones.  The  term 
ferment  is  applied  to  all  the  unicellular  organisms  which  cause 
fermentive  or  ptUrefactive  changes.  As  examples  of  these  organ- 
isms one  may  enumerate :  (i)  The  yeast  plant,  Saccharomyces  cere- 
visiT,  which  consumes  sugar  and  excretes  alcohol  and  CO,,  (ii) 
The  Bacterium  lactis,  which  consumes  milk-sugar  and  water  and 
excretes  lactic  acid  (C,,H„0„  +  H,0  =  4C3H„03.  (iii)  The  Mycodermi 
acetiy  which  consumes  alcohol  and  oxygen  and  excretes  acetic  acid 
(C,H,0  +  0=H,0  +  C,H^O,).  (iv)  Pasteur's  Fermentum  butyricum, 
one  of  the  vibriones,  which  consumes  lactic  acid,  malic  acid,  tartaric 
acid,  or  mucic  acid,  and  excretes  butyric  acid,  with  a  combination  of 
various  accompaniments  (CO,,  H,0,  H,,  or  acetic  acid)  according  to 
the  food  consumed,    (v)  The  Vibrios,  which  consume  protein  matter 


310  SPECIAL  PHYSIOLOGY 

and  produce  in  a  liquid  containing  it  what  is  known  as  ptitrid  fer- 
mentation  or  putrefaction.  Among  the  excreta  may  be  enumerated: 
leucin,  tyrosin;  formic,  acetic,  propionic,  butyric,  valerianic,  caproic 
and  caprylic  acids;  ammonia,  ethylamine,  propylamine,  trimethyl- 
amine,  COj,  HjS,  H,  and  N. 

All  of  the  ferments  enumerated  above  are  micro-organisms,  the 
saccharomyces  Ix^ing  a  unicellular  fungus  and  the  remaining  examples 
being  bacteria.  These  organisms,  though  perhaps  less  sensitive  to 
variations  in  the  supplyof  oxygen  than  most  living  things,  never- 
theless are  much  influenced  in  their  activities  by  the  presence  of  free 
oxygen.  The  subject  was  most  exhaustively  studied  by  Pasteur. 
Summing  up  his  studies  Pasteur  said  (Camp.-rend.  de  l\4cad,  des 
Sci.y  vol.  Ixxv.  p.  784):  "The  weight  of  yeast  which  is  produced 
under  these  conditions — i.  e.,  in  the  presence  of  free  oxygen  gas — 
during  the  decomposition  of  sugar  increases  progressively,  and 
approac'hes  the  weight  of  the  decomposed  sugar,  in  exact  proportion 
as  its  life  goes  on  in  the  presence  of  increasing  quantities  of  free 
oxygen  gius.*  Guided  by  these  facts  I  have  been  gradually  led  to 
look  upon  fermentation  as  a  necessary  consequence  of  the  mani- 
festation of  life  when  that  life  goes  on  without  the  direct  combustion 
due  to  free  oxygen.  We  may  see  as  a  consequence  of  this  theory 
that  every  organism,  evenj  cell  which  lives  or  continues  its  life  without 
making  use  of  atmospheric  air,  or  which  uses  it  in  quantities  insufficient 
for  the  whole  of  the  phenomena  of  its  oivn  nutrition,  must  possess  the 
characteristics  of  a  ferment  with  regard  to  the  substance  which  is  the 
source  of  its  total  or  complemental  heat/* 

Thus  saccharomyces  sui)plements  the  energy  liberated  through 
oxidation  of  its  own  tissues  with  free  atmospheric  oxygen,  by  energy 
lilxMatcd  through  katabolism  of  sugar.  Some  organisms,  notably 
the  vihrioncs,  dispense  with  atmospheric  oxygen  altogether,  carrying 
on  all  their  life  activities  with  the  energy  liberated  through  the 
katal)()lism  of  proteins. 

h.  Enzymes. 

Ill  our  discussion  of  f(»rnients  we  have  mentioned  only  elementary 
unicellular  organisms.  In  every  case  the  organisms  recognized  as 
fenneiits  live  in  a  fluid  or  semifluid  medium.  '^Fheir  pabulum  is 
n^adily  al)S()rl)ahle  by  the  organism.  We  come  now,  however,  to 
the  consideration  of  nature's  method  of  adaptation  to  new  conditions. 
In  a  grain  of  corn  or  barh^y  the  embryo  plant  is  embedded  in  a  quantity 
of  starch  stored  up  l)y  tlie  {)arent  plant  for  the  nourishment  of  the 
gerniinating  plantlet.  Thougli  the*  food  supply  surrounds  the  embryo 
it  is  an  insoUihle  and  unabsorbable  solid. 

1  "In  I'cnnentAtioii  without  oxygen  the  ratio  l)etween  the  sugar  decomposed  and  the  yea^t 
rormcil  is  fn)ni  (H)  or  so  to  I,  while  in  fermentation  in  the  presence  of  oxygen  it  is  only  4  or  10 
tol." 
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How  is  it  to  be  made  soluble  and  absorbable?  The  ceils  of  the 
embryo  secrete  diastase^  which  brings  about  the  hydrolysis  or  hydrolytic 
cleavage  of  the  starch  molecideSy  changing  them  to  dextrose,  which  is 
soluble  and  absorbable.  The  plant  kingdom  abounds  in  similar 
examples.  Diastase  and  similar  substances  are  called  ferments  or 
Enzymes.  Diastase  is  not  alive;  it  is  not  organized,  and  has,  therefore, 
been  called  an  unorganized  ferment.  The  distinction  between  an 
organized  and  an  unorganized  ferment,  or  between  a  ferment  organism 
and  an  enzyme,  may  be  more  apparent  than  real.  It  is  most  probable 
that  the  distinction  is  simply  one  of  location  of  the  reaction — i.  e., 
(i)  intracellular  fermentation  caused  by  an  enzyme  upon  absorbed 
substances;  (ii)  eoctracellular  fermentation  caused  by  an  enzyme 
upon  unabsorbed,  unabsorbable  substances. 

But  animal  cells  produce  enzymes  also.  When  solid  food  is  taken 
into  the  alimentary  tract  it  may  be  insoluble  and  unabsorbable,  as 
is  the  case,  for  example,  with  starch  and  lean  meat.  Unless  these 
foods  be  rendered  soluble  they  will  be  useless  to  the  organism, 
Speciidized  cells  along  the  alimentary  canal  secrete  enzymes,  which 
bring  about  the  hydrolytic  cleavage  of  the  food  molectdes,  changing 
them  to  forms  which  are  soluble  and  absorbable.  The  specialized  cells 
in  question  do  not  absorb  the  products  of  fermentation  (digestion). 
Other  cells  and  specialized  tissues  absorb  the  nutriment,  which  is 
distributed  throughout  the  organism  by  still  other  organs  and  tissues. 
'^The  cells  which  secreted  the  enzyme  finally  receive  their  sustenance 
from  the  common  treasury — the  blood. 

Enzymss  may  be  classified  as  follows: 

1.  Amylolytic  Enzymes. — Diastase,  Pttjaliuy  Amylopsin,  which 
change  starch  to  maltose  or  dextrose,  dextrin  being  an  intermediate 
substance.  The  ultimate  change  wrought  in  the  starch  may  be 
summe<l  up  in  the  following  equations:  (CJI,„05)n  +  nHjO  = 
nC,H,,0,,  dextrose.  The  steps  of  this  process  have  been  studied 
by  numerous  investigators.  Neumeister's  results  will  \ye  given  later 
under  Salivary  Digestion.  The  steps  of  the  process  for  ptyalin  or 
amylopsin  are  probably,  in  a  general  way,  typical  of  all  enzyme  action. 

2.  UVertillg  Enzymes. — ^"riie  Invertin  which  the  yeast  plant 
secretes  for  splitting  cane-sugar  into  dextrose  and  levulose  may 
be  cite<l  as  an  example.  A  similar  enzyme,  secreted  in  the  small 
intestine,  changes  cane-sugar  and  maltose  to  dextn)se. 

3.  Proteol]rtic  Enzymes. — ^llie  Pepsin,  secreted  in  the  stomach, 
and  the  Trypsin,  secreted  by  the  pancreas,  represent  this  class. 
They  act  upon  proteins,  converting  them  into  peptones  through 
several  intermediate  steps. 

4.  Lipolytic,  or  Fat-splitting  Enzymes.— An  example  of  this  is 

the  lipase  of  the  pancreatic  juice.  It  acts  upon  fat,  causing  each 
molecule  to  take  up  three  molecules  of  water  and  split  into  three 
molecules  of  fatty  acid  and  one  molecule  of  glycerin. 
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5.  Coagulating  Enzymes. — Such  as  Rennin  and  Thrombin,  the 
first  precipitating  caseinogen  as  casein  and  the  second  precipitating 
fibrinogen  as  fibrin. 

Note  the  radical  diflFerence  between  the  first  four  classes  of  enzymes 
and  the  last  class.  The  first  four  classes  change  insoluble  substances 
to  soluble  ones;  the  fifth  class  changes  soluble  substances  to  insoluble 
ones. 

c.  Oonditions  of  the  Activity  of  Ferments  and  Enzymes. 

(«)  The  Optimum  Temperature  is  35°  C.  to  40°  C,  while  the 
maximum  is  below  the  boiling  point,  the  enzymes  being  destroyed 
by  boiling.  The  action  of  enzymes  is  progressively  less  as  the  temper- 
ature falls  from  the  optimum,  being  completely  suspended  by  a  zero 
temperature. 

(/5)  The  Enzyme  is  Not  Quantitatively  Involved  in  the 
Reaction  which  it  causes.  The  quantitative  relations  between 
AgCl  precipitated  from  a  solution  of  chlorides  by  a  certain  amount 
of  AgNO,  is  definite  and  unvarying.  Time  is  not  a  factor  in  the 
amount  of  AgCl  thrown  down.  An  enzyme,  however,  can  work  a 
greater  change  in  two  hours  than  in  one.  The  smaller  the  amount 
of  enzyme,  the  longer  the  time  it  will  require  to  work  a  particular 
change.  Just  what  part  the  enzyme  plays  in  the  reaction  is  unknown. 
If  it  enters  into  the  reaction  by  being  molecularly  incorporated  in 
certain  stages  of  the  process  it  is  later  disengaged  in  its  original  form 
and  may  repeat  its  hydrolytic  change  upon  fresh  molecules  of  the 
pabulum.  This  repetition  is  not  without  limit,  however;  the  enzyme 
becomes  exhausted  after  a  while  and  is  no  longer  able  to  excite  the 
reaction. 

(y)  The  Inhibitory  Influence  of  the  Accumulation  of  the 
Produci's  of  Enzyme  Action. — Another  condition  of  the  action  of 
an  enzyme  which  is  of  the  greatest  importance  to  the  higher  organism 
is  this:  when  peptones  have  reached  a  certain  degree  of  concentra- 
tion they  stop  tlie  furtlier  action  of  the  enzymes  until  the  product 
already  formed  is  removed  (by  absorption),  when  the  enzyme 
resumes  activity. 


E.  FOODSTUFFS  AND  FOODS. 

].  DEFINITIONS. 

Gt)nl(l  defines  joodsiafjs:  ''I'lie  materials  that  may  be  employed 
for  the  purpose  of  nourishment  and  tissue  formation."  The  same 
lexicographer  defines  foods:  "The  substances  ordinarily  employed 
as  aliments/'  Tliis  distinction  is  not  as  clear-cut  in  the  definitions 
as  it  is  in  use. 
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The  term  foodstuff  is  employed  as  a  generic  term  including  all  of 
those  chemical  compounds  which  may  be  employed  for  the  nourish- 
ment, growth,  and  repair  of  the  organism.  Examples:  starch,  sugar, 
oil,  albumin. 

A  food  is  an  article  of  diet  which  may  be  composed  of  one  or 
more  foodstuffs:  Bread,  composed  of  starch,  glutin,  fat,  inorganic 
salts,  water,  etc.  Beefsteak,  composed  of  various  proteins,  fats, 
inorganic  salts,  water,  etc.  Potatoes^  composed  of  starch,  proteins, 
salts,  cellulose,  and  water. 


2. 


%\:%A. 


[lOAL  COMPOSITION  OF  MILK  AND  OF  THE    \.    "^^ 
ANIMAL  BODY.  ^  ■  ^ 


How  shall  we  obtain  a  comprehensive  idea  of  foods  and  food- 
stuffs? Nature  furnishes  every  young  mammal  with  a  food — 
milk — which  most  perfectly  satisfies  the  requirements  enumerated 
above,  growth  and  repair,  and  whose  analysis  may  give  us  a  clue 
to  the  chemical  characters  that  foodstuffs  should  possess: 


Chemical  analyilB 
of  milk. 


Water 


«7.0% 


I  roieins     |  Lactalbumin  /  *       *  •      *•"  % 


'  Organic 


Solids 


Fata  .  . 


r  Oleln     ....  0.4S  1 
Palmitin    .    .    .  0.S3 
stearin  ....  0.16 
Butyrln,  caproin, 
caprylin  .    .    .  0.07  . 


\      ^^  I  4  0  % 


Carbohydrates— lactose 4.4  % 

^^  Inorganic :  CaHP04,  CaCOa,  NaCl,  MgCl:{,  etc.     .       .      0.«  % 


When  we  compare  the  chemical  constituents  of  the  mammalian 
liody  with  the  chemical  composition  of  that  food — milk — which 
nature  furnishes  to  young  mammals,  we  find  an  exact  correspondence 
in  the  general  constituents — i.  e,,  each  contains  water  in  large  pro- 
portion, proteins,  fats,  carbohydrates,  and  salts,  composed  largely 
of  pho.sphates,  clilorides,  and  carbonates.  The  most  noticeable 
difference  between  the  two  lists  is  the  great  variety  of  proteins  in 
the  mammalian  body,  wliile  there  are  only  two  or  three  varieties 
in  milk.  If,  of  a  family  of  young  mammals,  a  part  be  sacrificed 
to  chemical  analysis  at  birth  and  the  rest  after  their  })erio(l  of  growth 
on  a  milk  diet,  the  results  of  the  analysis  will  l)e  })racti(ally  i(lentical 
qualitatively,  but  all  of  the  con.stitueiits  will  Ik»  found  much  greater 
in  quantity  in  those  which  have  had  the  milk  diet.  Such  an  expcTi- 
ment  demonstrates  conclusively  that  out  of  a  few  kinds  of  proteins 
many  kinds  may  be  built  up. 

The  following  table  gi^^ng  the  chemical  constitu(»nts  of  the  animal 
body  will  show  what  tlie  carnivorous  animal  eats: 
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Chemical 

oompociUou 

of  the 

aninuil 

body. 


Water 


about  67% 


Solldii 


Organic 


Proteinji 


A'bumio. \1S^^S^ 


Semmglobnlin. 

Fibrinogen. 

Myosin. 

Myoglobolin. 

Globln. 

CrysUllin. 


Olobnlina 


Chromopfoteids 
Nacleoproteidff. 


f  Haemoglotain. 


Albuminoids 


...{ 


HistohsmaUn. 


Collagen. 

ElastTn. 

Keratin. 


Fata 


Carbo- 


{ 
{ 


Palmitin. 
Stearin. 
Olein,  etc. 


Glyooees:  dextroae. 
iivHrtt»A«   ^  Saccbaroeei:  la ctoae  during  lactation, 
nyaiatea    (  Amyloaea:  glycogen. 


Inorganic 


NaCl,  CaHP04,  CaCO, 
KCl,  Ca:KPO^,  Na-CO, 
MgClx,  Na-HP04,  NaHCO, 
CaClj,  NaH8P04. 


Fe  in  oiganic  com* 
binatioo  in  bsma- 
tin  and  tiauea  in 
general. 


As  the  next  step  in  our  discussion  let  us  make  a  list  of  those  ingested 
by  a  carnivorous  animal.  The  wolf  or  fox  catches  and  eats  rabbits 
or  birds.  This  food  of  the  carnivorous  animal  has  already  been 
analyzcul,  and  we  see  that  it  corresponds  in  every  respect  to  the  body 
which  it  must  nourish.  Our  first  and  most  natural  thought  is  that 
the  proteins  of  the  rabbit  become  the  proteins  of  the  wolf,  kind  for 
kind — /.  c,  the  myosin  or  muscle  protein  of  the  rabbit  becomes  the 
miisck*  pmtein  of  the  wolf.  But  this  natural  inference  is  fallacious. 
All  pr()t(»ins  are,  during  digestion,  reduced  to  peptones,  from  which, 
aft(T  absorption  into  the  circulatory  system,  the  various  proteins  of 
the  carnivorous  animals  are  built  up.  If  there  be  an  excess  of  protein 
in  the  blood  this  excess  may  be  deposited  in  the  changed  form  of  fat. 
Further,  the  (juality  and  (juantity  of  fat  in  the  wolf  does  not  correspond 
to  the  (fuality  and  (|uantity  of  this  constituent  in  the  rabbit.  The  only 
inference  possible  is  that  the  rabbit  fat,  after  being  taken  up  into  the 
blood  of  the  wolf,  is  partially  consumed  in  some  metabolic  process 
and  partially  de|K)sited,  but  the  several  constituents — olein,  palmitin, 
and  stearin — are  de|)osited  in  a  new  proportion  peculiar  to  the  wolf. 
Similar  observations  and  conclusions  might  Ix?  made  regarding  the 
cnrlK)hy(lrates.  But  where  does  the  rabbit  obtain  this  ample  list  of 
constitucMits?  He  does  not  get  his  food  so  nearly  prepared  as  docs 
the  fox.  He  eats  onlv  herbaceous  material — he  is  herbivorous.  His 
diet  of  barks,  vegetables,  and  tender,  herbaceous  shoots,  if  subjected 
to  chemical  analysis,  will  be  found  to  contain,  besides  water,  very 
largi*  (juantities  of  carlnihydrates  and  very  small  quantities  of  fats 
and  proteins.  Among  the  carbohydrates  the  principal  constituent 
is  cellulose,  though  tliere  is  also  a  small  (juantity  of  glucose  and 
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starch.  Prom  these  crude  foodstuffs  the  herbivorous  animal  is  able 
to  build  up  all  the  complex  proteins  and  fats  of  his  body,  while  the 
carnivorous  animal  is  quite  unable  to  accomplish  the  first  step  in 
the  digestion  of  cellulose. 


3.  OLASSiriOATION  OF  FOODSTUFFS. 


r  Water. 


Food. 

■tuA 


Inorganic 


Salts 


r  Carbo- 
hydrates 


Organic 


Carbon- 
aceous 


NaCl,  KCl. 

Na-COs,  KjCOs,  MrCOs. 

NaoSa,  K3SO4,  MgSO^. 

NaaHPOj,  KaHPO*,  MgHP04.  CaHPO*. 

Na,  K.  Ca,  etc..  combined  with  fruit  acids  (tar- 
taric, citric,  malic,  etc.). 

Fe  combined  with  animal  proteids  (hsemoglobin) 
and  with  vegetable  compounds  (chlorophyll). 


FAts 


{ 


A  my  loses 


Saccharoses 


Glycoses 


Palmitin. 

Stearin. 

Olein. 


I 
{ 
{ 


Starch. 

Glycogen. 

Cellulose. 

Cane-sugar. 

Lactose. 

Maltose. 

Dextrose. 
I^vulose. 
Galactose. 


Nitrog- 
enous 


} 


Proteins 


r  Albumins 
Globulins 
Niicleo- 
proteids 


Animal  and  vegetable  varieties. 


Ch  romoproteids. 
Albuminoids,  collasen,  etc. 
Derived  albuminoid,  gelatin. 


4.  FOODS.* 

I.  Inorganic  Foods. 

(o)  Wator. — Water  comprises  alx)ut  07  per  cent,  of  the  mammalian 
body.  It  is  a  general  solvent  and  diluent.  All  of  the  secretions  of 
the  body  are  composed  very  largely  of  water.  It  is  an  absolutely 
indispensable  food.  An  adult  requin\s  from  2000  c.c.  to  2500  c.c. 
every  twenty-four  hours.  Of  this  alx)ut  one-third  is  taken  in  the 
form  of  liquid  food  (soup  and  l)everagt\s),  h»aving  alx)ut  (KX)  c.c.  to 
800  c.c.  (three  to  four  glasses)  }x^r  day  to  Ix*  taken  as  **  drinking 
water."  Many  people  take  nnich  less  water  than  this.  **()ne  of 
the  most  universal  dietetic  failings  is  neglect  to  take  enough  water 
into  the  system."    (lliompson.) 

One  of  the  most  important  uses  of  water  is  as  a  thermoh/i!c  agtMit, 


<  In  the  preparation  of  this  section  I  have  drawn  freely  upon  Dr.  W.  Gilman  Thom|M(on's 
admirable  work  on  PracUcal  Dietetics. 
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regulating  the  body  temperature  through  distributing  the  body  heat, 
and  through  liberating  heat  from  the  surface  of  the  body  by  evapo- 
ration of  perspiration. 

(h)  Salts. — ^Sal ts  in  general  serve  the  following  uses  in  the  system: 

1.  **To  regulate  the  specific  gravity  of  the  blood  and  other  fluids 
of  the  body." 

2.  '*To  regulate  the  chemical  reaction  of  the  blood  and  the  various 
secretions  and  excretions." 

3.  "To  preserve  the  tissues  from  disorganization  and  putrefaction." 

4.  *'To  control  the  rate  of  absorption  by  osmosis." 

5.  **To  enter  into  the  permanent  composition  of  certain  structures, 
especially  the  bones  and  teeth." 

6.  '*To  enable  the  blood  to  hold  certain  materials  in  solution." 

7.  "To  servT  special  purposes,  such,  for  example,  as  the  influence 
of  sodium  chloride  on  the  formation  of  hydrochloric  acid,  and  that 
of  lime  salts  in  favoring  coagulation  of  the  blood."    (\V.  G.  T.) 

As  a  rule,  little  care  need  be  given  to  the  salts,  because  the  vegetable 
and  animal  foods  of  a  mixed  diet  all  contain  salts,  making,  when 
taken  together,  a  list  sufficient  in  quantity  and  quality,  with  the 
single  exception  of  the  sodium  salts.  Plants  are  especially  rich  in 
potassium  salts  and  comparatively  poor  in  sodium;  thus  herbivorous 
animals  need  more  of  the  sodium  salts,  especially  sodium  chloride, 
than  appears  in  the  vegetable  diet,  and  to  this  end  eat  earths  rich 
in  these  salts — thus  have  been  established  the  "deer-licks,"  viated 
by  the  herbivora  of  a  whole  region. 

Carnivora  seem  to  get  a  sufficient  supply  of  the  salts  from  the 
flesh  of  the  herbivora  whidi  they  consume.  Omni vora  need  supple- 
mentary sodium  salts  in  proportion  to  the  part  which  vegetables 
play  in  their  diet.  Vegetarians  need  extra  sodium  chloride.  Certain 
disturbances  of  nutrition  (anaemia,  etc.)  arise  from  or  result  in  a 
deficiency  of  certain  minerals  or  mineral  salts.  A  serious  problem 
confronting  the  clinicians  has  been  to  determine  the  form  of  mineral 
nutriment  best  adapted  to  the  animal  organism  suffering  from 
malnutrition.  Whether  the  needed  salts  should  be  given  directly 
as  such,  or  whether  vegetable  and  animal  foods  rich  in  the  needed 
salts  should  be  made  predominant  in  the  diet,  are  the  alternatives 
between  which  the  clinicians  wavered  for  many  years.  The  general 
consensus  of  opinion,  as  expressed  in  practice,  is  in  favor  of  the 
second  alternative.  Patients  who  need  more  iron  are  given  eggs, 
lean  meats,  cereals,  peas,  beans,  and  "greens"  rich  in  chlorophyll. 
Patients  who  need  l)()ue-making  salts  are  given,  among  other  foods, 
an  abundance  of  milk,  which  contains  calcium  salts  in  a  form  and 
proportion  which  seem  best  adapted  to  the  system. 
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n.  Organic  Foods. 

In  our  classification  of  organic  foods  we  must  not  lose  sight  of 
the  fact  that  each  one  is  usually  a  combination  of  several  foodstuffs. 
In  our  grouping  we  shall  have  to  be  governed  first  by  the  predominat- 
ing foodstuff,  and,  second,  by  the  dietetic  use  of  the  food. 

a.  Water. 


Clmniflcation 
of  foods 


I.  Inorganic  < 

{  h.  Salts. 


r  a.  Carbonaceous 


II.  Organic     • 


h.  Carbonltrogenous, 
or  complete  foods 


c.  Nitrogenous 


{ 


1.  Sugars  aud  syrups. 

2.  Searches. 

3.  Hoots  and  tubers. 

4.  (ireen  vegetables. 
6.  Fruite. 

6.  Fats  and  oils. 

1.  Cereals. 

2.  Legumes. 

3.  Milk. 

4.  Nuts. 

1.  Eggs. 

2.  Meats. 


a.  Carbonaceous  Foods. 

1.  Sugars  and  Syrups. — ^This  general  subclass  of  tlie  carbohydrate 
foodstuffs  has  the  great  advantage  that  it  requires  little  or  no  diges- 
tion, may  be  directly  absorbed  and  very  readily  assimilated.  The 
most  common  food-sugars  are:  cane-sugary  glucose,  and  mUk-srugar. 
Cane-sugar,  or  saccharose,  is  derived  from  the  sap  of  sugar-c*ane,  beet- 
roots, and  maple  trees.  Glucose,  or  dextrose,  is  manufactured  from 
starch,  makes  a  prominent  con.stituent  of  powdered  sugar,  and  is 
used  in  the  table  syrups.  It  is  the  most  common  fruit  and  vege- 
table sugar;  in  grapes,  cherries,  figs,  dates,  bananas,  onions,  turnips, 
cabbage,  etc. 

Milk-sugar,  or  lactose,  constitutes  about  4  per  cent,  of  cows'  milk 
and  is  usually  used  only  in  milk.  Honey  is  a  natural  s}Tup  formed 
by  flowers  and  collected  by  bees.  Konig's  analysis  gives:  water, 
16.13  per  cent.;  fructose,  78.74  per  cent.;  saccharose,  2.69  per  cent.; 
nitrogenous  matter,  1.29  per  cent.;  salts,  0.12  per  cent. 

2.  Starches. — Tapioca  Rud  arrowroot  are  prepared  from  the  root- 
stalks  of  certain  tropical  and  subtropical  plants.  Sago  is  extracted 
from  the  pith  of  certain  tropical  palms.  Tapioca  and  sago  are 
practically  pure  starch,  while  arrowroot  contains  HjO  15.4  per  cent., 
protein  0.8  per  cent.,  and  starch  83.3  per  cent.  Corn  starch  is  97.8 
per  cent,  starch. 

3.  Boots  and  Tubers. — White  potatoes,  sweet  potatoes,  beets, 
carrots,  parsnips,  tuniips,  radishes,  etc.,  represent  this  class  of 
vegetable  foods.  All  of  this  class  are  rich  in  salts,  es|x*cially  the 
salts  of  potassium.  The  nutrient  |K)rti()n  of  {potatoes  consists  largely 
of  starch;  while  in  the  other  vegt»tal)les  enumeratt^d  it  consists  chiefly 
of  sugar. 
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The  following  table,  combined  from  analyses  by  Letheby_and 
by  Konig,  gives  the  nutrient  values  of  the — 


Roots  and  Tubebs. 


FOODH. 

Water. 
75.0% 

PROTSINS 
2,10% 

Fats. 

Sugar. 
3.2% 

Starch. 

18.8% 

Cbllulosb. 

1 

1 

Salts. 
0.7% 

Analyst 

Potato 

(white) 
Potato 

(sweet) 
Pannips 

0.2% 

Letheby. 

67.5 

1.5 

0.3 

10.2 

16.0 

0.45% 

1 

2.6 

Payeii. 

82.0 

1.1 

0.5 

5.8 

9.6 

1 

1.0 

Letheby. 

Carrots 

83.0 

,     1.3 

0.2 

8.4 

1.0 

Letheby. 

Onions 
Beet-root 

86.0 
87.1 

,     1.86 
'     1.4 

0.1 
1 

2.8 
0.6 

No  starch 
*•  extrac- 
tives" 8% 

0.7         ' 

1 

1.0 

1 

a7 

0.9 

KUnig. 
KOnlg. 

Turnips 

91.2 

1     ^0 

0.2 

4.1 

"Extrac- 
tives" 1.9 

0.9 

0.75 

'  Konig. 

All  of  the  foods  in  the  al)ove  table  are  preserved  for  use  in  winter, 
duiing  which  season  the  absence  of  green  vegetables  makes  them 
especially  desirable  and  palatable. 

4.  Oreen  Vegetables. — ^These  are  used  mostly  "  in  smsonJ*  They 
represent  very  little  nutriment,  but  serve  rather  to  sharpen  the  appetite 
for  heavier  foods.  Spinach  is  rich  in  iron  and  is  an  especially  fine 
food  for  use  when  more  iron  should  be  introduced  into  the  system. 

Ix»ttucc  and  celery  l)oth  act  as  sedatives  on  the  nervous  system. 
Rhubarb  has  a  laxative  action,  while  asparagus  acts  as  a  diuretic. 
The  following  table  gives  analysis  of  a  few  of  the  more  important 
green  vcgetal)lcs : 

Composition  of  Green  VK(iETABLEs  (Konig,  quoted  by  W.  G.  T.). 


Food. 

(^lery    .    . 

( 'abbage    . 

(^ulillower 

Spinach 

Asparagus. 

lettuce 


Water.     Protkins.     Fats.      Sugar.  ,  Extractives,  i  Cbllulo6B.  ,  Salts. 


84.1% 

90.0 

90.4 

90.3 

93.3 

94.3 


1.5% 

1.9 

'1.  f^ 

3.2 

2.0 

1.4 


0.4% 

0.  2 

1 

0.4     , 
0.5     1 
0.3 
0.3 


0.8% 

2.3 

1.3 

0.1 

0.4 


11.0% 

25.8 

23,7 

23.3 

22.8 

21.9 


1.4%       0.8% 

i.a 

I 
0.8 


1  8 
0.9 
0.8 
1.1 
0.7 


1.94 

0.5 

1.0 


To  this  same  class  belong  cucumbers,  egg-plant,  pumpkin,  squash, 
and  vegt^tablc  marrow. 

5.  Fruits. — The  following  table  gives  the  composition  of  the 
principal  fruits  used  in  this  country: 
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Fruits. 


6 

Q 

Fruit. 

s 

< 

Nitrogenous 
Matter. 

• 

-< 

g 

CO 

Free  Acids. 

Cellulose  an 
Kernel. 

Salts. 

13 

5 

5.2 

Apple 

83.6 )( 

0.4 

7.7 

0.8 

2.0 

0.8 

Bauer. 

Pear. 

83.0 

0.36 

8.26 

0.2 

3.54 

4.3 

0.3 

Peach. 

83.0 

0.65 

4.5 

0.9 

7.2 

6.06 

0.7 

Grape. 

78.2 

0.6 

14.36 

0.8 

1.96 

8.6 

0.5 

Strawberry. 

87.66 

1.1 

6.3 

0.9 

0.5 

2.8 

0.8 

Currant. 

84.8 

0.5 

6.4 

2.15 

0.9' 

4.6 

0.7 

Orange  pulp. 

89.0 
49.9 

0.7 
2.1 

4.6 
32.2 

2.44 

0.9 
14.3 

1.8 
0.6 

0.5 
1.6 

Fat. 

Vhmry. 

0.3 

Yeo. 

Kaisin. 

32.0 
31.2 

2.4 
4.0 

57.26 
49.8 

0.5 

7.5 
4.5 

1.7 
5.0 

1.2 
2.86 

<i 

Fat. 

Acid. 

Fig.                     ' 

1.44 

1.2 

«t 

'^llioinpson  gives  the  following  list  of  uses  for  fruits: 

(«)  "To  FuRNisu  Nutriment." — ^The  nutriment  is  chiefly  found 
in  the  sugar.  The  most  nutritious  fruits  are:  fig,  prune,  grape,  date, 
Imnana,  cherry. 

(/9)  "To  Convey  Water  to  the  System  and  Relieve  Thirst.'* 
— Besides  melons,  the  orange,  lemon,  grape,  and  pear  seem  l)est 
adapted  to  this  purpose. 

{y)  "To  Introduce  Various  Salts  and  Organic  Acids  wihch 
Improve  the  Quality  of  the  Blood  and  React  Favorably 
UPON  the  Secretion." — The  salts  of  espt»cial  importance  are  citrate, 
tartrate,  and  malate  of  sodium  and  i)otassium.  Citric  acid  and  the 
citrates  pre<lominate  in  lemons  and  oranges;  tartaric  ac*id  and  the 
tartrates  in  grapes,  and  malic  acid  and  the  malates  in  a{)ples,  pears, 
|)eaches,  apricots,  gooseberries,  currants  (and  rhubarb).  ^J^he 
alkalinity  of  the  bloo<l  and  st»cretions  is  increast»d  with  a  fruit  diet, 
owing  to  the  release  of  the  K  and  Na  from  the  organic  acids  and 
their  combination  as  carbonates,  phosphates,  etc. 

(The  tomato  is  really  a  fruit,  though  in  the  diet  it  is  as.sociated 
with  the  green  vegt*tables.  It  contains  oxalic  acid,  which  is  injurious 
in  uric  acid  diathesis). 

(d)  To  Serve  as  Therapeutic  Agents. — (i)  ''Ah  antisccrrbutics; 
(ii)  (u  diuretics;  (in)  as  laxatives  and  cathartics,**  The  antiscorbutic 
action  of  such  fruits  as  apples,  lemons,  and  orangt\s  is  due  to  their 
abundance  of  the  salts  of  potassium,  magnesium,  and  calcium.  The 
diuretic  action  of  fruits  is  due  in  part  to  the  water  which  they  contain. 
llie  citrates  which  orangt*s  and  lemons  contain  are  esjx»cially  stim- 
ulating to  the  action  of  the  kidneys.     The  laxative  action  of  fruits 
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is  l>e.st  inarke<l  in  apples,  figs,  prunes,  dates,  grapes,  peaches,  and 
iKtrries. 

(i)  Fruits  **Stimulat?:  the  AppETitfe,  Improve  Digestion,  and 
Give  Variety  to  the  Diet."    (Quotations  from  W.  G.  Thompson.) 

().  Fats  and  Oils. — ^These  important  foods  are  found  both  in  the 
vegetable  and  in  the  animal  kingdom  and  may  be  considered  here. 
Tw<»nty  per  cent,  of  the  normal  body  weight  consists  of  fat.  ITiis  is 
in  small  part  derived  directly  from  the  fat  of  the  food,  but  rather  from 
the  sugars  and  starches,  with  a  small  portion  from  the  proteins. 
Most  of  the  ingested  fat  is  oxidized  at  once  and  supplies  a  con- 
siderable part  of  the  animal  heat.  One  may  thus  summarize  the 
uses  of  the  fats.    The  ingested  fats  serve : 

{a)  **To  Furnish  Energy  for  the  Development  of  Heat." 

{[i)  "To  Spare  the  Tissues  from  Disintegration,  for  although 
their  combustion  in  the  body  results  largely  in  the  production  of  heat, 
they  also  take  part  to  some  extent  in  tissue  formation." 

The  deix)sited  fats  serve: 

(y)  **To  Store  Energy  in  Potential  Form." 

{o)  "Through  the  Subcutaneous  Coat  of  Adipose  tissue,  to 
conserve  the  heat  of  the  body." 

(e)  "To  Lubricate  and  make  more  plastic  various  structures 
of  the  body  and  give  rotundity  to  the  form."  (Quotations  from 
W.  G.  T.) 

The  most  important  vegetable  oils  are:  olive  oil,  cotton-seed  oil, 
used  in  drt\ssings  and  cooking,  and  the  oil  of  nuts. 

Animal  fats  and  oils  are:  hutier,  cream,  suet,  lard,  and  the  fats 
of  Iwef,  mutton,  pork,  and  fish.    The  yolk  of  eggs  is  also  rich  in  oil. 

h.  Oarbonitrogenous  or  Complete  Foods. 

1.  Cereals. — These  comprise  grains,  including  wheat,  corn,  rice, 
rye,  oats,  barley.  The  cereals  with  potatoes  form  the  most  common 
source  of  starch.  The  cereals  are  usually  used  in  the  form  of  meal 
or  flour.  Not  only  do  the  cereals  contain  considerable  proteins  with 
sonu*  fats,  but  in  the  preparation  of  these  meals  and  flours  for 
eating  it  is  customary  to  nuike  imjx)rtant  additions  in  the  form  of 
milk,  i^^^^i::^,  and  fat,  so  that  the  resulting  preparation  is  a  complex 
food  which  giMierally  represents  all  of  the  foodstuffs  in  a  proportion 
approaching  that  of  a  typical  diet. 

The  following  table  illUvStrates  this  as  far  as  it  concerns  bread 
and  crackers: 
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Composition  of  Breads  and  Crackers  (Clark,  quoted  by  Thompson). 


Food. 

Watsb. 
82.5% 

Nutrients. 
67.5% 

Protiins. 

Fats. 
1.9% 

CARBO*                Qatta 
HYDRAT18.            OALT8. 

MTbeatliraad  .    . 

8.8% 

1 

55.8%              1.0% 

GrahAm  "       .    . 

84.2 

65.8 

9.5 

1.4 

58.8 

1.6 

Rye         "       .    . 

80.0 

70.0 

8.4 

0.5 

59.7 

1.4 

Soda  cimcken 

8.0 

92.0 

10.8 

9.4 

70.5 

1.8 

Gmham    *'      .    . 

5.0 

95.0 

9.8 

18.5 

C9.7 

2.0 

Oatmeal  "      .    . 

4.9 

95.1 

10.4 

18.7 

69.6 

1.4 

Oyster      "      .    . 

8.8 

96.2 

100.0 
100.0 

11.3 

14.8 
17.5 

4.8 

22.2 

;      8.4 

1 

77.5 

2.6 

4 

Graham  bread  ) 
nutrienta          / 

TFpAcal  diet  f 
nutriment        ) 

1 

83.7 

73.8 

To  compare  the 
nutrients     of 

•  Graham  bread 
with  a  typical 

.    diet. 

Composition  of  Various  Foods  of  Classes  a  and  b. 


Food. 

Water. 

Sugar .    .    .    . 

2.0% 

Syrup .    .    .    . 

48.7 

Tftploca, 
Com  starch  s 

2.0 

Rioe    .    .    .    . 

12.4 

Macaroni    .    . 

13.1 

Flour  .    .    . 

12.5 

Com  meal  . 

15.0 

Oatmeal.    . 

7.6 

Beans  or  peas 

12.6 

Potatoes.    . 

78.9 

Onions    .    .    , 

87.6 

Cabbage 

92.0 

Proteins. 


7.4% 

9.0 
11.0 

9.2 
15.1 
23.1 

2.1 

1.4 

2.1 


Fats. 


0.4%  i 


0.3 

1.0 

3.8 

7.1 

2.0 

0.1 

0.3 

0.6 

Carbo- 
hydrates, i 

Salts. 

Energy  in  Kilo- 
c a  lories  per  lb. 

97.8%  i 

0.2% 

1820  calories. 

55.0        1 

2.3 

1023 

97.8 

1 

0.2 

1820 

79.4 

0.4 

1630 

76.8        1 

0.8 

1406 

74.9 

0.5 

1644 

70.6 

1.4 

1645 

»  ** 

68.2 

2.0 

IHTiO 

59.2 

3.1 

1615 

17.9         ' 

1.0 

875 

10.1 

0.6 

225 

6.5 

1.1 

155 

2.  Legumes. — Beans  and  peas  contain,  besides  a  large  amount  of 
starch,  so  large  a  proportion  of  proteins  that  they  may  be  used  as 
one  of  the  recognized  sources  of  proteins,  though  the  animal  foods 
form  the  most  important  source  of  proteins. 

3.  BClk. — One  analysis  of  cows'  milk  (Bunge's)  was  given  at  the 
head  of  this  section. 

The  following  table  gives  the  analysis  of  cows'  milk  and  human 
milk  by  A.  H.  Leeds.    (Quoted  from  W.  G.  Thompson.) 
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Reaction    . 

Spedflc  grayity 

Bacteria    . 

Fats    .... 

Lactose 

Proteins     . 

Salts  .... 

Total  solids 
Water     . 


"  Sound  Daibt  Milk." 

HuMiJf  Milk 

Faintly  add 

1029.7 
Always  present 

8.76% 

4.42 

8.76 

0.68 

Alkaline: 

108L8 
Absent 

4.18% 
7.0 

2.0 

0.2 

... 

12,61 
87.89 

18.83 
86.67 

Thompson  enumerates  the  following  as  **the  more  important  uses 
of  milk": 

(«)  PiiitELY  AS  Food:   (i)  ''AsInfarUFood" 

(II)  ''As  a  Food  for  Advlis:' 

(hi)  '^As  a  Source  of  special  food  products  and  derivatives,  such 
as  cream,  butter,  cheese,  buttermilk,  koumiss." 

(iv)  ''As  a  Most  Important  Constituent  in  various  composite  foods, 
as  l)read,  omelet,"  etc. 

(v)  "As  a  Vehicle  for  the  administration  of  other  foods  for  invalids 
— f.  (/.,  efijg  albumen,  beef  meal,  cocoa,  meat  juice,  peptonoids,"  etc. 

((i)  'riiERAPEUTic  UsKS  OF  MiLK:  (i)  "As  a  Diuretic" 

(ii)  "For  its  Soothing  Effect  on  diseased  mucous  membranes  of  the 
alimentary  canal." 

(in)  "To  lA)osen  a  Cough  (when  given  hot)." 

(iv)  "For  Rectal  Injection,**  really  a  food  in  this  case. 

(v)  "As  a  I  chicle  for  the  administration  of  metlicines.  The 
following  table  gives  the  constituents  of  the  more  important  deriv- 
atives of  milk": 


Food. 

Milk. 

Skimmed  milk 
Cream 
Cheese 
Butter 


Water.    !  Protbin.s. 


86.8% 
88.0 
66.0 
36.8 
6.0 


4.0%    , 
4.0 
2.7 
33.5 
0.8 


Fats. 

8.7% 

1.8 
26.7        I 
24.3        > 
91.0        I 


Sugar. 

Salts. 

4.8% 

0.7% 

&4 

0.8 

2.8 

1.8 

•••••• 

5.4 

2.7 

ANALYST. 


Parkes. 


«« 


c.  Nitrogenous  Foods. 

1.  Eggs. — Milk  is  natuR^'s  food  for  young  mammals,  and  eggs  are 
nature's  food  for  young  birds.   Both  of  these  natural  foods  contain  all 
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of  the  foodstuffs  necessary  for  a  developing  animal.  Bauer  gives  the 
average  weight  of  the  hen's  egg  as  50  gms.,  of  which  the  shell  repre- 
sents 7  gms.,  or  14  per  cent.;  the  white  27  gms.,  or  54  per  cent., 
and  the  yolk  16  gms.,  or  32  per  cent.  Parkes  allows  only  10  per 
cent,  of  the  weight  for  the  shell,  the  yolk  and  white  together  being 
composed  of:  water,  73.5  per  cent.;  proteins,  13.5  per  cent.;  fats, 
11.6  per  cent.;  salts,  1  per  cent. 

Eggs  represent  a  concentrated  diet,  and  though  they  contain 
considerable  fat,  they  are  classed  as  a  jyrotein  food.  Egg  albumen 
digests  more  easily  in  the  natural  uncooked  state  than  when  coagulated 
by  cooking.  Raw  eggs  are,  however,  quite  unpalatable  to  most 
people,  and  it  is  customary  to  cook  them.  Egg  albumen  begins  to 
coagulate  at  56.5°  C.  (alx)ut  134°  F.)  and  the  process  progresses  to 
about  70°  C.  (or  160°  F.).  If  the  temperature  is  raised  to  the  boiling 
point  the  albumen  l)ecomes  very  densely  coagulated  and  difficult  of 
digestion.  ITie  most  prevalent  method  of  eating  eggs  is  in  various 
milk  compounds:  omelets,  custards,  etc. 

This  mixing  of  the  egg  with  milk  seems  to  correct  the  difficulty  of 
indigestible  coagula,  l)esides  making  a  most  palatable  food. 

2.  Meats. — We  generally  rely  upon  the  lean  meat  of  various 
animals  for  our  supply  of  proteins,  though  it  must  not  be  forgotten 
that  many  of  the  cereals  and  the  legumes  contain  a  very  large  pro- 
portion of  proteins — a  proportion  quite  sufficient  to  ensure  the  proper 
nutrition  of  the  body  without  resort  to  the  addition  of  lean  meats. 
The  variety  which  is  given  by  the  addition  of  meats  to  the  diet  would 
justify  it,  however,  even  if  there  were  no  other  reasons  favorable 
to  it.  I^ebig  said:  **It  is  certain  that  three  men,  one  of  whom 
has  had  a  full  meal  of  meat  and  bread,  the  second  cheese  or  salt 
fish  (and  bread),  and  the  third  potatoes,  regard  a  difficulty  which 
presents  itself  from  entirely  different  points  of  \iew."  The  aggressive 
peoples  of  northern  Europe  and  the  western  continent  are  the  meat- 
eating  people  of  the  world.  Besides  overcoming  the  very  great 
difficulties  of  a  northern  climate  they  have  outstripped  their  vegetarian 
competitors  in  almost  every  field  of  human  endeavor.  Just  what 
gives  to  a  meat  diet  this  subtle  influence  is  a  problem.  That  the 
influence  exists  is  not  a  matter  of  controversy.  In  its  extremes  we 
see  the  difference  in  meat  and  vegetable  diet  wrought -upon  the  lion 
and  the  ox:  the  vegetarian,  though  strong,  is  slow,  clumsy,  and  lazy; 
the  meat-eater  quick,  graceful,  and  alert. 

'ITie  author  does  not  wish  to  \ye  understood  to  approve  of  an 
exclusively  meat  diet.  Man  is  omnivorous.  If  meat  makes  too 
great  a  proportion  of  his  diet,  disturbances  of  nutrition  are  almost 
sure  to  manifest  themselves.  Generally  speaking,  Americans  and 
Englishmen  eat  rather  too  much  meat. 

We  need  meat,  but  we  do  not  need  it  in  immoderate  (juan- 
tities. 
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'V\w  following  table  gives  the  composition  of  some  of  the  more 
(X)mifi()ii  meats  (including  fish  and  "shell-fish"): 


Food. 

Watxb. 

PlOTBUML 

Fat. 

KTDBATB8. 

Saim. 

▲VALTflT. 

Beeftteak. 
Fat  beet 
Lean  beef. 
Fat  motton. 
Lean  mutton 
VeaL 
Fat  pork. 
Bacon. 

Smoked  bam. 
CalTee'  liTer. 
Pooltry. 
White  flsb. 
Canned  salmon. 
Crabt. 
Oysters. 

74.4 
51. 
72. 
681 

72 

68 

89 

16 

27.0 

72.8 

74. 

78. 

63.6 

84. 

87. 

20.5 
14.8 
19.8 
12.4 
18.8 
16w5 
9.8 
&8 
34.0 
20.1 
21. 
t& 
21.6 
16. 
6. 

8.5 

29.8 

8.6 

81.1 

4.9 

15.8 

4&9 

73.8 

86.0 

6.6 

8.8 

2.9 

18.4 

l.O 

1.2 

1.6 
4.4 

S.1 
8.6 

4.8 
4.7 
2.9 
%,% 
10.0 
1.5 
1.2 
1. 
1.4 
t. 
2. 

Parkas. 

Pay. 

Parkes. 

Parea. 

Parkes. 

Parkes. 

WoodfiBid. 
II 

8.7 

II 

5.  FOOD  ACCESSORIES. 


llicre  art*  many  substances  which  are  taken  with  the  food  and 
which  inHuencc  considerably  the  proces.si*s  of  nutrition,  but  which 
are  not  foods. 

'^rhesi*  substances  are  called  jood  accessimcsy  and  may  be  classified 
as  follows: 

(a)  Beverages  are  drinks  which  represent  aqueous  solutions  or 
dilutions  of  various  organic,  usually  vegetable,  products:  tea,  coffee, 
cocoa,  chocqlafc,  lemonade,  and  allied  drinks  are  examples.  ITiey 
.serve  to  relieve  fhir,sf,  as  nutrients,  as  diuretics,  as  diaphoretics,  or 
as  ,sfimuJanfs. 

(h)  Oondiments  art*  substances  addtnl  to  ftxxl  to  give  it  a  flavor 
or  to  modify  its  flavor.  Examples  are:  pepper,  nutmeg,  cinnamon, 
cloves,  allspice,  saye,  fhiftne,  mustard,  ginger,  mace,  horseradish, 
vanilla,  dill,  etc.  The  active  principle  in  each  t>f  these  is  a  volatile 
oil  |HH*uliar  to  the  substance.  These  volatile  oils  have  no  importance 
as  fotuls,  but  they  serve  as  stimulants  to  the  buccal  mucous  membrane 
and  ill  that  way  fre(|ut»ntly  serve  a  g(H>d  purpose  in  inciting  a  frw 
flowing  of  the  digestive  juices. 

(c)  Intoxicants  art*  beveragi\s  such  as  cider,  beer,  ale,  wine,  brandy. 
etc.,  the  active  principle  of  which  is  ethyl  alcohol.  Ethyl  alcohol 
|)<)ssesscs  st^vcral  characteristics  in  common  with  the  carbonaceous 
foods  — <'.f/.,  [0  it  is  conijH)sed  of  (\  11, and  ();  (ii)  it  is  readily  oxidizeti 
in  the  liver,  yit'lding  C(),  and  ILC),  which  are  excreted;  (ni)  it  yield? 
heat  incident  to  its  oxidation,  and  this  heat  naturally  augments  the 
Ixnly  income  of  lii^at ;  <  iv^  ingt*stit>n  of  ethyl  alcohol  leads  to  a  decrease 
in  the  katalH>lisni  of  carlx>nactM)us  ftxxls  and  may  even  "spare" 
prt>tiMns. 

In  this  ciunuvtion  one  must  not  lost*  sight  of  the  following  facts: 
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(i)  All  vegetable  toxins  and  alkaloids  are  composed  of  the  same  kind 
of  chemical  elements  as  enter  into  foodstuffs — viz.,  C,  H,  O,  and  N. 

(ii)  Toxins  and  alkaloidal  poisons  in  general  are  oxidized  in  the  liver, 
through  the  agency  of  oxidases,  whose  function  is  to  oxidize  and  thus 
make  harmless  substances  which  would  act  a$  protoplasmic  poisons 
on  all  cells  with  which  they  come  into  contact.  WTien  moderate 
amounts  of  such  toxins  are  taken  the  defences  of  the  system  are 
suflScient  to  reduce  them  to  a  harmless  condition  and  no  immediate 
injury  results.  If  larger  quantities  are  ingested  the  full  drug  effect 
(narcotic  in  the  case  of  alcohol)  is  immediately  experienced,  the 
oxidases  of  the  system  being  unable  to  defend  it  against  a  large  dose. 

(ill)  All  oxidation  yields  heat,  whether  it  is  a  normal  katabolism  or 
a  protective  oxidation.  That  the  heat  from  the  oxidation  of  alcohol 
Is  not  a  normal  katabolism  for  the  purpose  of  heat  liberation  is 
e\ident  from  the  fact  that,  notwithstanding  the  liberation  of  heat  on 
oxidation  of  alcohol,  the  temperature  of  the  body  falls,  because  of 
increased  loss  of  heat  from  the  surface.  This  increased  loss  is  due 
to  dilatation  of  peripheral  vessels. 

(iv)  Decreased  katabolism  of  carbonaceous  or  nitrogenous  foods 
following  ingestion  of  a  narcotic  is  a  universal  fact  depending  upon 
the  drug  effect  and  giving  to  the  oxidized  narcotic  no  significance 
as  a  food.  It  may  be  said  without  reservation  that  ethyl  alcohol  is 
not  a  food  in  the  full,  scientific  significance  of  the  word. 


6.  PREPARATION  OF  FOODS.      A  . 


J 


Thompson  says  that  "it  is  owing  to  the  practice  of  cookery  that 
the  dietary  of  civilized  man  has  been  so  much  enlarged,  and  that  it 
covers  a  wider  range  of  materials  than  that  which  serves  for  the 
nourishment  of  lower  animals." 

The  cooking  of  food  serves  the  following  purposes :  (i)  To  render 
the  organized  structure  of  such  foods  as  meats  and  vegetal)les  more 
tender;  thert»fore,  more  easy  to  masticate  and  to  digest,  (ii)  To 
render  the  foods  more  palatable  through  the  flavors  developed  in 
cooking.  Important  as  this  is  to  those  who  have  been  used  to  cooked 
fooils,  it  is  easy  to  see  that  it  might  Ix*  quite  unimjx)rtant  to  the  savage; 
the  Eskimo,  for  example,  si»ems  to  prefer  his  meat  raw.  (ill)  To  kill 
any  parasites  and  germs  which  may  Ik*  in  the  food  as  received  from 
the  market. 

The  cooking  is  accomplished  in  tlie  following  gc^neral  ways: 
(i)  lx)iling;  (ii)  stewing;  (iii)  steaming;  (iv)  frying;  (v)  l>aking; 
(vi)  roasting  and  broiling. 

(a)  In  Boiling  and  Stewing  the  cooking  is  conducted  at  a  temper- 
ature which  does  not  exceetl  100°  C.  (212°  F.).  The  two  processes 
differ  in  this  way:  The  food  to  1h»  lM)ile(l  is  plunged  into  boilintj  water; 
this  coagulates  or  hardens  the  surface,  thus  retaining  within  the  mass 
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tlie  juices.  The  focnl  to  be  stewed  is  put  into  cold  water  and  the  whole 
brought  grariually  to  a  boiling  temperature;  this  process  tends  to 
extract  the  juices  and  to  macerate  the  tissues  somewhat.  During 
the  period  of  cooking  which  follows  the  above-described  preliminary, 
the  two  processes  consist  alike  in  keeping  the  temperature  at  100°  C. 
In  steaming  the  food  is  subjected  to  the  steam  which  escapes  from 
water  l)oiling  in  an  unsealed  receptacle.  The  steam  does  not  exceed 
mr  C.    The  effect  is  quite  like  that  of  boiling. 

(h)  In  Frying  the  heat  is  transmitted  to  the  food  through  the  medium 
of  heated  fat  or  oil.  Fats  used  in  cooking  may  be  heated  to  400°  F. 
lx»fore  they  l)egin  to  smoke.  The  food  cooks  therefore  much  more 
rapidly  with  this  process  than  with  those  above  described.  The  fat 
may  scar  the  outside  of  the  food  or  may  fjermeate  it  to  a  greater  or 
less  extent.  In  any  case  the  digestibility  is  somewhat  decreased;  in 
some  cases  it  may  be  very  much  so. 

(c)  In  Baking,  Roasting,  and  Broiling  the  heat,  as  it  radiates  from 
coals  or  from  stone  or  metal  surfaces,  is  applied  direct  to  the  food. 

The  tem{)erature  may  thus  l)e  much  higher  than  that  of  boiling  water. 

In  a  g(Mieral  way  it  may  be  said :  (i)  That  all  foofls  that  are  cooked 
at  all  should  Iw  kept  at  100°  C.  long  enough  to  destroy  parasites  and 
bacteria.  (ii)  ^'hat  eggs,  unless  incorporated  as  constituents  in 
comj)ositc  foods,  should  l)e  cooked  as  little  as  possible,  the  less  the 
Inttcr.  (ill)  That  starchy  foods  should  be  very  thoroughly  cooked. 
(iv)  That  mi»ats  in  general  should  be  cooked  just  long  enough  to 
<lev(»l()p  the  flavors  most  agreeable  to  the  recipient. 


PHYSIOLOGY  OF  DIGESTION. 

A.  SALIVARY  DIGESTION. 
1.  THE  SALIVA. 

a.  The  Secretion  of  Saliva. 


'1^1 


The  term  saliva  is  ap[)lie(l  to  the  fluid  secreted  into  the  oral  cavity. 
Then*  are  three  principal  [)airs  of  glands  whose  secretion  forms  a 
part  of  the  saliva:  the  parotids^  the  submaxillary,  and  the  svblingual. 
Besides  ihvsv  six  glands  there  are  innumerable  smaller  mucous  glands 
who.se  secretion  serxes  onlv  to  moisten  the  surfaces  of  the  membrane, 
while  the  secretion  of  the  salivary  glands  proper  serves  especially 
to  nu)i.st(»n  the  food  during  mastication  and  to  add  to  it  a  digestive 
ferment.  These  glands  may  he  divided  into  two  classes  on  the  basis 
of  the  niorj)hologic  chang(\s  which  the  cells  of  the  glands  undergo 
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during  the  period  of  rest  and  actinty.     Fig.  169  shows  the  cells  of 
serous  glands,  the  parotid,  while  Fig.  170  shows  the  cells  of  a  mucous 


gland,  the  suhmaxilltiry.     Xote  tliat  the  cells  of  tin'  scwits  parotid 
gland  are  suKsphrrical  and  neariy  fill  the  alveolus,  leaving  a  narrow, 
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intercellular  cleft,  which  widens  into  a  definite  lumen  when  the  cells 
are  depleted  by  secretion.  The  nucleus  is  located  in  the  centre  of 
the  cell,  but  is  obscured  at  times  by  the  numerous  granules.  The 
granules  vary  in  number  during  the  different  stages  of  the  cell's  rest 
and  activity.  They  accumulate  during  rest  and  disappear  during  ) 
activity.  The  same  general  observa-/ 
lion  may  be  made  upon  the  secreting 
cells  of  all  of  the  digestive  glands.  The 
serous  cells  take  the  protoplasm  stain, 
carmine,  very  deeply.  The  secretion 
from  a  serous  gland  is  thin  and  watery. 
The  cells  of  the  mucoua,  sublingual 
gland,  on  the  other  hand,  are  pyramidal 
in  shape.  A  distinct  lumen  always  en- 
ists  in  the  alveolus.  The  nucleus  is 
located  near  the  outer  end  of  the  cell. 
The  general  appearance  of  the  resting, 
mucous  cell  is  much  less  opaque  than 
that  of  the  resting,  serous  cell.  There 
are,  however,  numerous  granules,  but 
these  are  less  abundant  near  the  lumen 
of  the  alveolus  and  more  abundant  in 
the  neighlxjrhood  of  the  nuclei.  TWs 
^  ire  (Fig.  171).  Just  what  is  the  signifi- 
cance nf  the  demilunes  of  Hcidenhain  is  still  a  matter  of  contro- 
versy. They  may  represent  exiiausted  cells,  pushed  to  one  side  by 
the  active  cells;  or  tliey  may  represent  nascent  cells,  which  are  des- 
tined ti)  take  the  place  of  cells  which  lie  nearer  to  the  lumen. 

The  fu<:t  of  greatest  significance  to  the  physiologist  is  the  accumu- 
lation of  granules  in  the  gland  cells  during  rest,  and  their  disappear- 
ancc  during  lu'tivity.  That  these  granules  bear  some  relation  to  the 
organic  conslitucnis  of  the  secretion  of  the  cells  can  be  accepted  as 
I>eyond  iguestinn.  .Inst  what  that  relation  is  has  not  yet  been  definitely 
iletermitied.  Tlic  principal  organic  constituents  of  the  saliva  are 
mucin,  ptyalin,  and  aUinniin.  The  work  of  Langley'  upon  the  fresh 
gland  .shows  that  the  granules  <if  tlie  mucus-secreting  cell  may  be 
converted  into  mucin  hy  simple  addition  of  water.  There  can  be 
no  doubt  that  such  ;a  change  takes  place  during  secretion.  The 
grannies  of  the  inncfuis  cells  may  tiien  lie  looke<l  upon  as  the  mother 
of  mucin — -niucinogen .  The  granules  of  the  ptyalin-secretinp  cells 
probably  represent  the  niotlicr-suhstamr  of  ptyahn.  But  the  changes 
which  take  place  in  the  cell  durinfj  weretion  are  not  confined  to  the 
.sohition  (if  the  granules  and  the  expulsion  of  the  product  into  the 
lumen  of  the  iilveoliis.     Extensive  unalKilic  processes  lake  place. 
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The  cytoplasm  is  replenished  and  the  increase  in  size  of  the  nucleus 
indicates  that  the  nucleoplasm  is  replenished  also.  During  the 
resting  stage  the  protoplasm  undergoes  a  change,  probably  katab- 
olic,  by  which  the  granules  are  again  formed  and  the  cell  becomes 
"loaded,"  ready  for  another  period  of  secretion. 

This  cycle  of  cell  activity  is  controlled  by  influences  outside  of 
the  cell.  It  is  important  for  the  organism  that  all  of  the  secreting 
cells  of  a  gland  act  in  harmony,  and  that  the  secretory  phase  of 
the  activity  occurs  at  the  time  when  food  is  in  process  of  mastication. 
The  co-ordination  of  the  activity  of  the  gland  with  the  associated 
functions  can  only  be  brought  about  by  the  agency  of  the  nervous 
system. 

The  nerve  supply  of  the  salivary  glands  represents  two  general 
sources:    (i)  cranial;  (ii)  sympathetic. 

The  cranial  innervation  of  the  salivary  glands  is  represented 
in  the  parotid  gland  by  branches  received  directly  from  the  auriculo- 
temporal branch  of  the  inferior  maxillary  division  of  the  V  cranial 
nerve.  But  these  fibres  come  ultimately  from  the  glossopharyngeal 
or  IX  cranial  nerve  and  pass  fn)m  that  nerve  to  the  auriculotempora 
through  the  tympanic  nerve,  the  small  superficial  petrosal,  and  the 
otic  ganglion.  The  cranial  innervation  of  the  submaxillary  and  sub- 
lingual glands  is  rc»presented  by  branches  received  directly  from  the 
lingual  branch  of  the  inferior  maxillary  division  of  the  V  cranial 
nerve.  These  fibres  come  ultimately  from  the  facial  or  VII  cranial 
nerve  and  pass  from  that  nerve  to  the  lingual  through  the  chorda 
tympanif  so  called  because  it  traverses  the  tjnnpanic  cavity.  (See 
Tympanum,  under  Hearing.) 

'^rhe  sympathetic  innervation  of  the  salivary  glands  is  represented 
by  branches  from  the  superior  cervical  ganglion  of  the  sympathetic 
system.  These  branches  r(»ach  the  glands  by  following  the  blood- 
vessels. 

In  a  gi*neral  way  one  may  say  that  the  nerve  supply  of  all  the 
digestive  glands  is  derived,  like  that  of  the  salivarj'  glands,  from 
cranial  and  sympathetic  sources.  A  study  of  Fig.  160,  giving  the 
innervation  of  the  digestive  system,  shows  that  this  is  true  of  the 
inner\'ation  of  the  stomach,  of  the  small  intestine,  of  the  liver,  and  of 
the  pancreas.  The  points  which  the  innervation  of  the  salivary 
glands  possess  in  common  with  that  of  the  other  digestive  glands, 
together  with  the  fact  that  the*  nerves  which  supply  the  salivary 
glands  are  reailily  accessible  to  ex[KTimentation,  has  led  physiologists 
to  experiment  extensively  upon  the  influence  of  stinuilation  upon 
these  glands,  with  a  view  to  thus  getting  a  clue  to  the  influence  of 
the  nervous  system  \i\xm  s(»cretion  in  general.  The  nvsults  are  definite 
and  conclusive  with  respiTt  to  the  salivary  glands  themselv(»s,  and 
suggestive  with  r(\sp<»ct  to  (ligt\stive  glands  in  general.  When  we 
come  to  review  the  rc*ct*nt  work  of  the  Pawlow  Institute  we  shall  find 


\ 


330  SPECIAL  PHYSIOLOGY 

not  only  a  striking  parallelism  in  the  innervation  of  the  several 
digestive  organs,  but  a  remarkable  co-ordination  in  their  work. 

If  the  chorda  tympani  be  severed  and  its  distal  end  electrically 
stimulated,  one  may  observe:  (i)  a  dilatation  of  the  bloodvessels 
and  (ii)  a  profuse  flow  of  thin,  watery  saliva  from  the  glands  which 
it  supplies.  If  the  sympathetic  branches  to  these  glands  be  severed 
and  electrically  stimulated,  one  may  obser\^e:  (i)  a  contraction  of  the 
bloodvessels  and  (ii)  a  scanty  secretion  of  thick,  viscid  saliva.  In  the 
case  of  the  parotid  gland,  stimulation  of  tfie  peripheral  end  of  the 
divided  parotid  portion  of  the  glossopharyngeal  in  any  part  of  its 
course  causes:  (i)  vasodilatation  and  (ii)  profuse  watery  secretion, 
while  stimulation  of  the  peripheral  end  of  the  divided  sympathetic 
branches  to  that  gland  causes  vasoconstriction,  but,  in  most  animals, 
no  secretion  of  saliva. 

Various  theories  have  lyeen  advanced  to  account  for  the  phenomena 
observed  and  to  harmonize  the  results  of  physiologic  experiments 
with  the  observations  of  the  histologic  changes  in  the  gland  cells 
during  the  cycle  of  cell  activity. 

That  the  increased  pressure  of  the  tissue  plasma  resulting  from 
the  vasodilatation  l)ears  an  important  relation  to  the  pouring  out 
of  a  watery  secretion  by  the  cells  has  lx»en  generally  accepted  since 
the  time  of  Lud wig's  early  experiments  in  this  field  in  1851. 

The  theory  which  presents  itself  at  once  is  that  the  water  and 
salts  of  the  secretion  are  pnxluets  of  filtration  from  the  tissue  plasma. 
If  this  be  a  tenable  pro|X)sition,  two  things  must  be  observed:  first, 
that  the  proj>orti()n  of  water  and  salts  in  the  saliva  must  be  the  same 
as  in  the  tissue  plasma:  second,  that  the  pressure  of  tlie  secretion 
in  the  ducts  of  the  gland  will  Iw  less  than  the  pressure  of  the  bloo<i 
in  the  vessels  of  the  gland.  But  the  water  and  the  salts  of  the  secretion 
are  far  different  in  [)ro portion — the  water  and  salts  of  the  plasma 
Inking  alK)ut  IK). 3  per  cent,  and  O.So  per  cent,  respectively,  while  they 
occur  in  th(*  secretion  in  the  proportions  of  99.4  +  and  0.36. 

As  to  the  pressure,  Ludwig^  found  in  the  same  experiment  a 
blood  [)ressure  in  the  carotid  artery  of  112  mm.  of  mercury  and  a 
secretory  [)ressure  in  the  duct  of  the  submaxillary  rising  to  190  mm. 
of  mercury  [)ressure  when  the  gland  is  influenced  by  stimulation 
of  the  chorda  tympani.  Ileidenhain^  found  even  greater  differences 
lK*tween  blood  pressure  and  secretory  pressure.  In  the  light  of  these 
observations  it  is  evident  that  fltc  secretion  of  water  and  salt^  is  not 
a  process  of  filtration.  Tlu»  mwt  c|uestion  which  presents  itself  is: 
Do  not  the  laws  of  diffusion  and  osmosis  supplement  and  reinforce 
those  of  filtraticm? 

The  two  most  important  factors  in  osmosis  are:  (i)  The  quantitative 
comj)ositi()n  of  the  solutions  separati^l  by  the  membrane,  and  conse- 

1  Zoitsch.  f.  rat.  Mtsl.,  IST)!,  S.  271.  ^  Stud.  d.  pbysiol.  Init.  so  Brcslaa. 
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quently  the  partial  osmotic  pressure  exerted  by  the  several  con- 
stituents/ (ii)  The  coefficients  of  diffusion  of  the  various  constituents. 
(Reid.)  The  first  one  of  these  two  factors  operates  in  the  following 
manner:  If  pure  water  be  separated  by  a  membrane  from  a  solution 
of  sodium  chloride  the  water  will  diffuse  much  more  rapidly  toward 
the  salt  solution  than  will  the  salt  solution  toward  the  water,  so  that 
the  liquid  will  rise  on  the  side  of  the  denser  liquid.  The  process  of 
interchange  continues  until  the  liquid  on  l3oth  sides  of  the  membrane 
has  the  same  quantitative  composition.  But  during  the  progress  of 
salivary  secretion  water  passes  constantly  from  the  plasma,  where  it 
forms  only  90.3  per  cent,  of  the  liquid,  into  the  alveoli  of  the  salivary 
glands,  where  it  forms  99.4  per  cent,  of  the  hquid. 

It  might  be  urged  that  the  hydrostatic  pressure  overcomes  any 
osmotic  pressure  that  may  exist  on  the  opposite  sides  of  the  secreting 
cells.  But  we  are  seeking  a  factor  to  reinforce  the  hydrostatic  pressure 
which  was  already  too  low  to  account  for  the  secretory  pressure.  It 
is  evident  that  the  laws  of  osmosis  will  not  assist  us  in  accounting 
for  the  phenomena.  To  test  the  second  factor  of  osmosis,  the 
coefficients  of  diffusion  of  the  various  constituents,  one  may  take 
for  example  a  comparison  of  the  two  salts  Na(T  and  KCl,  both  of 
which  are  constituents  of  both  plasma  and  saliva.  NaCl  forms 
0.55  per  cent,  and  KCl,  0.03  per  cent,  of  plasma.  The  coefficient  of 
diffusion  of  KCl  is  nearly  |  that  of  NaCl.  Maeignae^  demonstrated 
that  the  rapidity  of  diffusion  of  the  more  diffusible  of  a  pair  of  salts 
diffusing  simultaneously  is  found  to  be  increased,  thai  of  the  less 
diffusible  diminished  (Reid).  For  example,  NaCl  has  alx)ut  f  times 
the  diffusibility  of  Na^SO^  when  diffusing  separately;  when  diffusing 
simultaneously  the  NaCl  is  increased  and  the  Na^jSC)^  diminishecl, 
the  ratio  being  nearly  3:1. 

If  a  similar  relation  holds  for  NaCl  and  KCl  in  salivary  secretion 
we  shall  be  prepartnl  to  find  in  the  saliva  that  the  KCl,  instead  of 
being  y^  of  the  NaCl  is  increased  to,  say,  y  .j  or  even  j^j^.  But  in  the 
saliva  the  KCl  :  NaCl  :  :  3  :  5  (!). 

When  the  two  principal  factors  of  osmasis  are  considered  they 
are  found  to  be  completely  inadequate  to  account  for  the  phenomena 
of  salivary  secretion.  The  other  factors  of  osmosis — character  of 
membrane,  pressure,  temperature — are  naturally  the  same  for  l)oth 
salts  and  dn)p  out  of  this  calculation.  We  are  forced  to  a  further 
conclusion  that:  the  secretion  of  the  water  and  the  salts  of  the  saliva 
is  not  a  process  of  osmosis.  Finally:  the  secretion  of  the  water  and 
the  salts  of  the  saliva  cannot  Ix*  accounted  for  through  the  combined 
influence  of  the  laws  of  filtration  and  tin*  laws  of  osmosis.  I^ut  these 
are  the  only  known  physical  laws  that  nuiy  apply  to  this  case. 


»  Reid,  in  Schafer'n  Text-book  of  Physiology,  vol.  i.  p.  278. 
*  Ann.  de  Chim.,  Paris,  1874,  T.  ii.  p.  546. 
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The  cells  which  separate  the  plasma  from  the  saliva  are  living 
cells.  Every  living  cell  undergoes  metabolic  changes;  building  up  a 
portion  of  the  material,  taken  from  the  medium  in  which  tibe  cell 
exists,  into  protoplasm  and  retaining  a  portion  as  cell  plasma  or 
cell  sap.  Every  living  cell  has  the  power  to  select,  from  the  medium 
in  which  the  cell  exists,  the  materials  which  are  to  be  used  by  the  cdl 
in  iU  metabolism.  In  a  complex  organism  the  cells  comprising  the 
different  tissues  are  differentiated  in  function.  A  differentiation  of 
function  involves  a  differentiation  of  cell  metabolism  with  all  that 
that  entails.  In  terms  of  these  fundamental  principles  of  biology 
one  may  say  that  the  cells  of  the  salivary  glands  receive  from  the 
organism  nutriment  and  protection  while  they  give  to  the  organism 
the  results  of  specialized  activity.  The  selection  of  particular  con- 
stituents in  particular  proportion  and  the  throwing  out  of  a  particular 
mixture  of  katabolites  (excretions)  are  nothing  new;  but  an  attribute 
of  every  living  cell.  This  is  no  attempt  to  tell  just  how  the  cell 
accomplishes  this  feat.  The  phenomenon  is  as  inexplicable  as  life 
itself.  This  is  an  attempt  to  show  that  in  the  formation  of  a  special 
secretion  we  have  to  deal  with  no  new  manifestation  of  cell  life,  but 
with  a  slight  specialization  of  inherent  cell  attributes. 

Of  the  various  theories  advanced  to  account  for  the  phenomena 
of  salivary  secretion,  that  of  Heidenhain  as  modified  by  Langley 
seems  to  \ye  most  reasonable.  The  essential  features  of  this  tlieory 
may  be  thus  summarized : 

(a)  TiTE  Cranial  Nerves  supply  the  glands  with  vasodilator 
fibres  and  with  secretory  pbres.  In  harmony  with  this  hypothesis  is 
the  fact  that  if  atropine  l)e  injected  into  the  gland  stimulation  of 
the  chorda  tympani  will  cause  no  secretion,  though  the  vasodilatation 
leads  to  increased  vascularity  of  the  gland.  • 

The  secretory  fibres  have  been  paralyzed  by  the  atropine. 

(/})  The  Sympathetic  Nerves  supply  th^  glands  with  va^so- 
constrictor  fibres  and  with  secretary  (trophic)  fibres, 

(/')  The  Secretory  Fibres,  or  at  least  secretory  impulses,  may 
be  classified  as:  (1)  those  which  control  the  secretion  of  waier  and 
salts;  (2)  those  trophic  fibres  which  control  the  metabolism  of  the  cells: 
(i)  anabolic  secretory y  (ii)  katabolic  secretory. 

In  the  dog  the  (Tanial  nerve  contains  many  fibres  of  class  (1) 
and  a  few  of  class  (2),  while  the  sjmpathetic  contains  many  of  class 
(2)  and  a  few  or  none  of  class  (1). 

To  get  a  connected  idea  of  the  cycle  of  activity  of  the  salivary 
gland  let  us  lu'gin  with  the  [)eri(Ml  of  rest  or  recuperation,  (i)  Tlie 
reflex  influence  of  th(*  cranial  nerves  is  suspended  because  the  sensory 
nerves  of  the  mouth  are  no  longer  stinuilated  by  the  presence  of  food 
and  th(»  process  of  mastication,  (h)  With  suspension  of  the  activity 
of  the  vasodilator  fibres  the  general  and  practically  constant  vaso- 
constrictor impulses   through   the   sympathetic   nerves  reduces  the 
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blood  supply  to  the  gland,  (in)  The  katabolie  impulses  cause  the 
cells  to  change  some  of  the  ])rotoplasm,  lx)th  c}'toplasni  and  nucleo- 
plasm,  to  those  granular  forms  which,  during  the  secreting  period, 
may  be  so  readily  changed  to  constituents  of  the  secretion,  (iv) 
Anabolic  impulses  are  unquestionably  received  by  the  cell  during 
the  resting  stage,  but  the  very  great  production  of  granules  and  the 
noticeable  depletion  of  both  cytoplasm  and  nucleoplasm  makes  it 
likely  that  the  katabolie  processes  preponderate. 

Consider  now  the  changes  which  are  wrought  during  the  secreting 
period:  (i)  The  reflex  influence  of  the  cranial  nerves  is  brought  into 
action  through  the  stimulation  of  various  sensory  nerves,  those  of  the 
nose  and  mouth  predominating,  and  vasodilatation  results,  (ii)  Along 
with  the  increased  bloo<l  supply  come  impulses  through  those  secre- 
tory nerves  which  control  the  secretion  of  water  and  of  salts.  The 
increased  pressure  of  the  tissue  plasma  as  well  as  the  increased 
quantity  of  the  tissue  plasma  facilitates  this  phavse  of  the  secretory 
activity  of  the  cells,  and  they  **  select*'  certain  proportions  of  water 
and  salts  and  pass  them  into  the  lumen  of  the  alveolus,  (in)  Through 
the  sympathetic  system  come  katabolie  impulses  which  lead  to  the 
final  step  of  katabolism  necessary  to  change  the  granular  material 
to  the  stage  represented  in  the  secretion.  For  example,  mucinogen 
granules  are  changed  to  mucin,  and  the  ptyalin  granules  (ptyalinogen) 
to  ptyalin.  (iv)  llirough  the  sympathetic  system  come  anabolic 
impulses  which  cause  the  cell  to  select  nutrient  materials  from  the 
abundant  plasma  and  replenish  cytoplasm  and  nucleoplasm,  the 
former  collecting  in  the  form  of  clear,  non-granular  protoplasm  at 
the  base  of  the  cell,  while  the  latter  fills  out  the  somewhat  shrunken 
nucleus. 

This  presentation,  based  upon  the  Heidenhain  theory,  must  be 
understood  as  a  purely  tentative  one.  It  seems  to  harmonize  all 
of  the  phenomena  as  now  understood. 

b.  The  Oomposition  of  Saliva. 

Hammerbacher^  gives  the  following  analysis  of  human  mixed 
saliva: 

f  Wafer 99.42% 

r\».niA        i  Mucin  and  epitheliura  .     0. 22 

UI8UUC        I  ptyalin  and  globulin   .  .     0. 14 

(Potaniura  sulphocyanide  0.U04  %) 


Homan  ^ 
mixed  ' 
Mliva 


SoUdii 
0 


f  NaCl.  KCl  ) 

Inorganic    <  Na.,C0.,.  CaCO.,  y       .       .       .0.22 

^  I   Mga(P()4)-.  Ctt;KP04)2    J  

100.00 
1  Zcitfich.  f.  physiol.  Cbem.,  Bd.  v. 
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2.  THE  OHEMISTRT  OF  SALIVART  DIGESTION. 

The  only  chemically  active  agent  in  saliva  is  ptyalin.  Ptyalin  is  an 
amylolytic  enzyme,  and  its  action  is,  therefore,  confined  to  the  change 
of  starch  to  sugar  and  to  the  products  intermediate  between  starch 
and  sugar. 

Under  the  influence  of  ptyalin  and  water  the  starch  is  subjected 
to  a  series  of  cleavages.  Cleavages  in  general  may  be  subdivided 
into  two  classes,  co-ordinate  and  subordinate.  In  the  former  the 
molecule  is  broken  up  into  two  or  more  similar  molecides;  in  the 
latter  the  original  molecule  is  broken  up  into  two  molecules;  but  one 
of  these  is  large  and  the  other  is  small.  It  is  as  if  the  small  molecule 
were  split  off  from  the  side  of  the  large  one. 

The  cleavage  of  the  starch  molecule  is  a  subordinate  one,  and 
according  to  liinterer  and  Dull*  is  represented  by  the  following 
reactions : 


(I)  starch  {CeH,o05)n  +  Ptyalin  =  Amylodextrin  (C„Ha,0,p)j4. 

(II)  ((:„H«(),o)m  +  3H,0  =  3[(C„H«(),o)C„H„0„]. 
Amvlodextrin  4-  Wat^r  =  Ervthrodextrin. 

(III)  3[(C'„H„()„)„C„H„0„]  +  f.H,()  =  9[(C„H„0„VC„H„0,J. 

Ervthrodextrin  -f  Water  =  Achro6dextrin. 

(IV)  i)[(t^,H„0„),-C„H„()„]  +  45H,0  =  54C„H„0„) ;  or, 

AchroOdextrin  -f-  Water  --  Isomaltose  =  Maltose. 

Ncuincister  looks  upon  tlio  C^^}l^fi^^  which  appears  in  (ii)  as  a 
s(»parate  nialtost*  molecule.  Note  that  a  similar  molecule  is  cleft 
off  from  the  dextrin  at  eacli  ste[).  The  last  reaction  represents  a 
co-ordinate  cleavage  of  each  of  the  achroodextrin  molecules  into 
five  isomaltose  molecules. 

The  changes  which  glycogcMi  (C„ll,/)5)u  undergoes  during  digestion 
are  the  same  a,s  those  which  starch  undergoes.' 

It  must  be  remembered  that  though  ptyalin  is  capable  of  working 
all  of  tin*  changes  luscribed  to  it  when  the  time  is  sufficient,  the  amylo- 
lytic changes  arc  interrupted  very  early  in  their  course  by  the  acid 
reaction  of  the  stomach  and  are  not  resumed  until  the  products  are 
again  subjected  to  the  influence  of  an  amylolytic  enzyme  in  the  small 
intestine.  Under  the  usual  conditions  the  products  of  ptyalin  diges- 
tion would  include  maltose,  achroodextrin,  erythrodextrin,  and  prob- 
ably amylodextrin;  there  would  also  remain  much  unchanged  starch. 
All  of  these  excepting  the  starch  are  soluble,  and  maltose  is  crystalline 
and  diffusible.  It  is  either  hydrated  in  the  alimentary  canal  by 
invertin,  or   an  allied  enzyme,  and  changed  to  dextrose,  in  which 

'  Uer.  (1.  neutech.  chem.  Gesell.,  Hd,  xxvi.,  S.  2533. 

•■^  Kulz  and  Vogcl,  iu  Zeitscb.  f.  liiolus^ie.  1895,  Hd.  xxxi.,  S.  108. 
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form  it  is  absorbed;  or  it  is  taken  up  by  the  absorptive  epithelium  as 
maltose  and  changes  within  the  epithelium  to  dextrose,  in  which 
form  it  passes  into  the  capillaries  of  the  portal  system.  It  is  certain 
that  it  does  not  enter  the  circulation  as  maltose. 


3.  FACTORS  WHICH  INFLUENCE  SALIVART  DIGESTION. 

1.  The  Preparation  of  the  Food.— The  importance  of  a  most 

thorough  cooking  of  starch  and  starchy  foods  can  scarcely  lx»  too 
strongly  emphasized. 

^rhe  starch  is  deposited  in  stratified  grains  which  have  alternating 
layers  of  pure  starch  or  granulose  and  of  starch  cellulose,  whicli 
also  forms  the  outer  layer  of  the  starch  grain.  Starch  cellulose  is 
cjuite  indigestible  by  the  ptyalin  or  amylopsin,  and  it  is  only  with 
difficulty  permeated  by  these  enzymes,  so  that  digestion  of  uncooked 
starch  grains  is  very  much  retarded.  Moist  lieat  has  the  effect  of 
swelling  the  granulose  and  bursting  the  starch-cellulose  envelopes, 
thus  liberating  the  pure  starch,  which  makes  an  opalescent  paste  if 
the  water  is  sufficient  in  quantity.  In  any  case  it  is  made  readily 
raiscible  with  the  saliva,  and  thus  the  action  of  the  ptyalin  is  much 
facilitated. 

2.  The  Mastication  of  the  Food.— If  the  starchy  food  be  bolted  in 
unbroken  pieces  it  is  evident  that,  however  thoroughly  the  food  may 
be  cooked,  and  however  active  and  abundant  the  enzyme  may  be, 
the  araylolytic  action  of  the  ptyalin  must  l)e  slight,  because  not 
brought  into  proper  physical  relation  to  the  starch. 

A  thorough  mastication  of  the  food  breaks  it  up  into  minute  pieces 
and  mixes  the  saliva  with  it,  so  that  the  enzyme  is  brought  into 
contact  with  a  much  largiT  proportion  of  starch  than  could  Ik*  possible 
otherwise. 

The  time  required  for  thon)ugh  mastication  is  another  important 
element  because  the  change  in  the  starch  may  l)e  well  advanced 
l)efore  the  food  leaves  the  mouth. 

3.  The  Temperature  of  the  Mixture.— After  the  well-cooked  food 

is  thoroughly  masticated  there  are  other  important  conditions  which 
must  be  fulfilled  if  the  digestive  changes  are  to  1k^  ra[)id  and  extensive. 
ITie  temperature  affects  the  operation  of  any  enzyme.  The  optimum 
temperature  is  approximately  that  of  the  blood  (37®  to  40®  C). 
Outside  of  these  limits  the  action  is  progressively  slower  the  farther 
removed  from  the  optimum.  The  action  is  wholly  sus}xuided  at 
0°  C,  but  the  enzyme  is  not  destroyed.  The  action  is  wholly  sus- 
pender! at  05°  to  70®  C-.,  and  the  enzyme  is  destroyed.  Much  has 
been  said  about  the  effect  of  cold  drinks  upon  dig(\stion.  A  large 
portion  of  what  has  lx*en  said  cannot  be  verified  by  expiTiment. 
Experiment  has  demonstrated  that  if  the  contents  of  a  lK*aker  Ik» 
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diluted  with  10  volumes  of  water  at  0®  C.  the  action  of  the  ptyalin 
will  be  much  retarded,  partly  because  of  the  dilution  and  partly 
because  of  the  marked  change  of  temperature.  When  cold  water  is 
taken  with  meals  it  is  usually  taken  in  moderate  quantities,  so  that 
the  dilution  is  not  sufficient  to  retard  the  action  of  the  enzvme.  It  is 
usually  taken  sufficiently  slowly  to  be  warmed  to  almost  blood 
temperature  before  it  reaches  the  stomach,  so  that  a  glass  of  cold 
water  taken  a  little  at  a  time  during  the  progress  of  a  meal  cannot 
be  said  to  effect  any  demonstrable  retardation  upon  salivary  digestion 
in  the  stomach. 

4.  The  Reaction  of  the  Mixture.— The  saliva  is  faintly  alkaline 
because  of  the  Na2C03  which  it  contains.  It  is  not  necessary,  how- 
ever, that  the  reaction  of  the  mixture  of  foo<l  and  saliva  be  alkaline. 
The  ptyalin  acts  quite  as  well  in  a  neutral  as  in  a  faintly  alkaline 
medium.  Even  a  weak  acid  reaction  does  not  stop — ^though  it  retards 
— the  action  of  the  enzyme,  provided  the  acid  be  an  organic  acid 
like  lactic  acid.  When  HCl  is  combined  with  a  protein,  as  acid 
albumin  or  syntonin,  it  will  cause  an  acid  reaction,  but  when  the 
reaction  is  only  faintly  acdd  the  action  of  the  ptyalin  may  proceed, 
though  at  a  slower  rate.  Free  HCl  will,  however,  stop  the  action  of 
the  ptyalin  and  destroy  it  when  it  is  present  in  even  so  small  a  pro- 
portion as  0.003  per  c(»nt.^  The  free  use  of  sour  pickles  and  acid 
drinks  must  retard  the  action  of  the  ptyalin.  In  the  light  of  what 
will  follow  (e)  it  is  evident  that  these  acid  foods  may  be  taken  late 
in  a  meal  with  less  effect  upon  salivary  digestion  than  when  taken 
early  in  a  meal. 

5.  The  Time  of  Salivary  Digestion.— The  food  is  retained  in  the 
mouth  not  more  than  one  minute  at  the  longest.  In  this  time  the 
change  has  only  begun,  even  when  all  the  conditions  are  most  favor- 
able. The  hydrochloric  acitl  of  the  gastric  juice  is  not  present  in  the 
stomach  until  the  stimulating  presence  of  food  induces  its  secretion. 
After  it  begins  to  be  secreted  some  minutes  elapse  before  the  quantity 
of  combined  acid  is  sufficient  to  essentially  retard  the  salivary  diges- 
tion. It  is  estimated  that  from  one  to  two  hours  or  even  more  may 
(^lapse  before  salivary  digestion  is  wholly  suspended  by  the  accumu- 
lation of  free  HCl. 

The  following  conditions  favor  a  prolongation  of  the  time  of 
salivary  digestion:  (i)  The  retardation  of  the  secretion  of  hydro- 
chloric acid.  Nothing  so  quickly  brings  about  a  secretion  of  this 
acid  as  a  glass  of  cold  water.  It  is  evident,  then,  that  tlie  drinking 
of  water  at  the  beginning  of  a  meal  will  tend  to  shorten  the  period 
of  salivary  digestion,  (ii)  The  retardation  of  the  permeation  of  the 
food  by  the  acid.  If  the  food  is  semisolid  the  acid  permeates  it 
slowly;  if  it  is  fluid  the  acid  becomes  readily  mixed  by  diffusion  as 
well  as  by  movements  of  the  stomach. 

>  Ctiltteaden,  in  Studies  from  the  Ltfiboratory  of  PhyBiologic  Cbemifltiy,  Yale,  1904,  toI,  i. 
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Soups  and  drinks  bring  the  contents  of  the  stomach  into  a  soupy 
mass  which  is  readily  acidified  as  soon  as  the  HCl  begins  to  be 
secreted.  In  this  case  again  fluids  at  the  beginning  of  the  meal  are 
unfavorable  to  the  prolongation  of  the  time  of  salivary  digestion. 

It  is  doubtful  if  in  the  average  case  there  is  any  advantage  in  thus 
prolonging  salivary  digestion.  The  amylopsin  of  the  pancreatic 
juice  is  a  more  active  amylolytic  enzyme  than  is  ptyalin,  and  it  has 
all  the  time  necessary  for  its  action  without  encroaching  upon  the 
time  of  other  digestive  processes. 

4.  MASTICATION.    ^^      ; 

TTiis  process  is  a  purely  mechanical  and  physical  one  and  is 
wholly  a  voluntary  one.  With  this  process  are  associated  those 
gustatory  sensations  and  perceptions  which  are  so  enjoyable  to 
most  of  mankind.  The  movements  of  the  jaws,  cheeks,  and  tongue 
stimulate  the  flow  of  saliva  and  ensure  the  thorough  mixing  of  that 
secretion  with  the  foo<l  (insalivation).  The  insalivation  of  the  food 
produces  three  effects:  (i)  to  digest  with  ptyalin  the  starch  of  the 
food;  (ii)  to  Ivbricate  with  mucus  the  mass  of  food,  thus  preparing 
it  for  deglutition;  (iii)  to  dissolve  with  the  water  of  the  saliva  the 
soluble  portions  of  the  food — salt,  sugar,  etc. 

In  the  discussion  of  the  factors  which  influence  salivary  digestion 
the  importance  of  the  division  of  the  food  into  fine  particles  was 
mentioned.  It  is  quite  as  important  in  digestion  by  the  other  digestive 
fluids  that  the  food  be  triturated.  The  enzyme  gets  access  only  to 
the  surfjice  of  the  particles  of  food.  If  the  same  volume  of  fixxl 
present  twice  the  surface  one  would  expect  it  to  digest  in  one-half 
the  time,  and  such  is  approximately  the  case.  Eight  1  mm.  cubes 
of  coagulated  egg  albumen  would  contain  the  same  amount  of  albumen 
as  one  2  mm.  cube.  They  would  aggregate  twice  the  surface,  and 
the  time  of  digestion  would  be  approximately  half  as  long  in  the 
case  of  the  1  mm.  cul)es  as  in  the  case*  of  the  2  mm.  cubes. 

The  structures  involved  in  mastication  may  be  classifie<l  as  skeletal, 
muscular,  and  nervous. 

a.  The  Skeletal  Structures  of  Mastication. 

Tliesc  include  the  maxillary  bones  as  representatives  of  the  endo- 
skeleton,  and  the  teeth  as  representatives  of  the  exoskeleton.  The 
function  of  mastication  is  variously  specialized  in  different  orders  of 
mammals.  It  reaches  its  highest  development  in  herbivora — whose 
food  is  difficult  to  masticate  and  yet  ret|uires  the  finest  trituration 
in  onler  to  Ix?  digestible.  The  teeth  of  herbivora  are  the  most  jx^rfect 
dental  organs  in  the  animal  kingdom.  The  incisors  are  cup|K»d  and 
the  molars  have  alternating  ridges  of  dentine  and  enamel,  and  are 

22 
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self-shaq)ening.  The  carnivorous  animals  bolt  their  food  with  little 
chewing.  The  teeth,  which  are  well  developed,  are  the  great,  pre- 
hensile canines  and  the  trenchant  molars,  which  are  especially  adapted 
for  breaking  the  bones  of  the  prey.  The  omnivorous  animals,  to 
which  kind  man  belongs,  possess  edged  incisors;  meagre  canines, 
scarcely  prehensile  in  man,  though  distinctly  so  in  the  gorilla;  and 
molars  with  rounded  cusps,  well  adapted  to  cnish,  but  not  at  all 
capable  of  cutting,  the  food.  The  movements  of  the  jaws  differ 
distinctly  in  the  different  orders  of  animals  above  mentioned.  The 
chopping  movement  is  peculiar  to  the  camivora;  the  herbivora  give 
the  mandible  a  wide  lateral  and  anteroposterior  excursion,  while  the 
omnivora  possess  all  of  these  movements  in  a  moderate  degree. 

b.  The  Muscles  and  Nerves  of  Mastication. 

The  muscles  and  ner\'es  of  mastication  include: 

(«)  The  Flexors  or  levators  of  the  mandible:  (i)  the  masseler, 
(ii)  the  temporal,  and  (in)  the  internal  "pterygoids.  All  of  these 
are  innervated  through  the  inferior  maxillarv  division  of  the  fifth 
cranial  nerve. 

{fi)  I'he  Extensors  or  depressors  of  the  mandible:  (i)  the 
digastric,  (ii)  the  mylohyoid,  and  (in)  the  geniohyoid,  (i)  posterior 
belly  innervated  by  the  inferior  maxillary  division  of  the  V,  and  pos- 
terior Ix^lly  by  the  VII  cranial;  (n)  innervated  by  the  inferior 
maxillary  division  of  the  V,  and  (in)  innervated  by  the  hypoglossal. 

(;-.)  The  Lateral  Movements  of  the  jaws  are  produced  by  the 
alternsite  action  of  the  external  pterygoids:  Inferior  maxillary 
division  of  the  V. 

(o)  Protiu'ders  of  the  Mandible:  The  external  pterygoids 
acting  together, 

(s)  Retractor  of  the  Mandible:  The  posterior  portion  of  the 
temporal, 

(^)  The  Cheek  and  Lip  Miscles:  Buccinaior  and  orbicularis 
oris,  innervated  by  the  buccal  branch  of  the  facialis. 

(7j)  The  Lin(;ual  Miscles  innervated  by  the  lingual  branch  of 
the  inferior  maxillary  division  of  the  Trigeminus  and  by  the  Hypo- 
glossus. 

c.  The  Process  of  Mastication.  ^ 


The  food  is  cut  by  the  incisors  and  crushed  between  the  molars. 
The  cluvks  and  tongue  assist  in  bringing  the  food  between  the 
molars.  The  movements  of  the  masticatory  apparatus  tend  to 
stimulate  tlie  flow  of  saliva;  the  presence  of  food,  especially  acid, 
sweet,  or  dry  food,  tends  also  to  stimulate  the  secretion  of  saliva. 

The  movements  of  mastication  mix  the  saliva  thoroughly  with 
the  food.  Tlu»  gustatory  apparatus  is  stimulated  by  all  substances 
which  are  soluble  in  watiT,  and  the  olfactory  apparatus  by  all  volatile 
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substances.  The  sensations  derived  from  these  two  sense  organs 
make  up  the  so-called  "tastes"  and  "flavors"  of  the  foods.  The 
pleasure  derived  from  eating  consists:  (i)  in  the  satisfying  of  the 
hunger,  (ii)  in  the  enjoyment  of  the  tastes  and  flavors.  Hunger 
seems  to  be  nature's  warning  of  need  for  nutriment.  The  pleasure 
of  the  taste  and  flavor,  besides  assisting  the  animal  in  the  choice  of 
food,  repays  the  animal  for  a  thorough  mastication  of  it. 

5.  DEGLUTITION.  V  Xj 

After  the  food  is  made  ready  for  the  stomach  by  mastication,  it 
is  gathered,  by  the  tongue,  into  a  bolus  or  rounded  mass  between  the 
tongue  and  the  hard  palate,  and  passed  back  to  the  pharynx,  whose 
walls  by  a  convulsive  reflex  act  pass  it  to  the  oesophagus,  along 
which  it  is  pressed,  by  a  peristaltic  wave,  into  the  stomach.  The 
whole  process  of  swallowing  as  here  briefly  outlined  is  called  deglu- 
iiiion.  The  length  of  time  required  to  perform  the  act  is  not  com- 
mensurate with  its  complexity.  The  process  may  be  analyzeil  as 
consisting  of  a  voluntary  and  an  involuntary  part. 


a.  The  Voluntary  Part  of  Deglutition. 


\    J 


This  consists  in  (i)  the  formation  of  the  bolus  by  the  cheeks,  palate, 
and  tongue,  and  (ii)  in  the  pressing  of  the  bolus  backward  through 
the  isthmus  of  the  fauces — i,  r.,  l)etween  the  anterior  pillars  of  the 
fauces,  which  are  the  ridges  marking  the  location  of  the  palato- 
glossal muscles.  Once  the  bolus  of  solid  food  (or  the  *' swallow"  of 
liquid)  passes  this  Rubicon  there  is  no  turning  back,  the  muscles  of 
the  pharynx  grasp  it  reflexly  and  hurry  it  forward  by  wholly  involun- 
tary processes.  The  muscles  and  nerves  of  this  voluntary  initiatory 
step  of  deglutition  have  \yeen  enumerated  under  mastication,  in  which 
function  they  are  im])ortant  factors. 


b.  The  Involuntary  Part  of  Deglutition. 


\ 


ITiis  consists  in  the  transit  of  the  l)olus  through  the  pharynx, 
and  in  its  passage  along  the  oesophageal  canal. 

1  -.  Pharyngeal  Deglutition.— The  transit  of  the  food  through 

the  pharynx  is  attended  with  two  dangt»rs,  namely,  the  danger  of 
a  falling  of  a  portion  into  the  larynx,  and  the  danger  of  regurgitation 
of  a  portion  into  the  posterior  nares.  Pliaryngt»al  deglutition  consists, 
then,  of  three  acts:  transportation  of  the  food;  guarding  against  a 
false  passage  into  the  larynx;  guarding  against  a  false  piissage  into 
the  posterior  nares. 

(a)  Traniportation  of  the  f(K)d  througli  the  pharynx  and  into  the 
oesophagus  is,  according  to  Kronecker  and  Aletzger*  accomplished 

>  Arch.  f.  I'hynloloKle,  1883,  S.  328. 
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in  two  phases,  a  "projection  phase  and  a  dearing-up  phase.  When  the 
bolus  reaches  the  isthmus  of  the  fauces  the  tongue  is  closely  approx- 
imated to  the  palate,  blocking  the  way  to  the  front.  A  convulsive 
contraction  of  the  mylohyoid  muscles  puts  the  bolus  under  pressure 
and  projects  it  across  the  pharyngeal  cavity;  the  way  is  cleared  by 
the  simultaneous  contraction  of  the  hyoglossi  muscles,  which  move 
the  root  of  the  tongue  backward  and  downward.  Tliis  movement 
depresses  the  epiglottis  over  the  opening  of  the  larynx,  thus  guard- 
ing that  passage.  In  the  ease  of  liquid  or  semisolid  food  the  entire 
transit  of  both  pharynx  and  oesophagus  is  made  in  0.1  second.  The 
force  of  gravitation  assists  in  this  preliminary  act — the  projection  of 
the  bolus.  The  clearing-up  phase  of  pharyngeal  deglutition  consists 
in  a  general  pi^ristaltic  constriction  passing  from  above  downward 
and  beginning  0.3  second  after  the  constriction  of  the  mylohyoids. 

^riie  first  step  in  this  phase  consists  of  a  contraction  of  the  longi- 
tudinal muscles  of  the  pharynx,  which  serves  to  pull  the  walls  of 
the  pharynx  toward  the  bolus  of  food.  The  second  step  follows 
the  guarding  of  the  respiratory  openings. 

(6)  The  Guarding  of  the  Posterior  Nares  is  ensured  by  the  elevation 
of  the  soft  palate  through  the  contraction  of  the  levator  palati  and 
tensor  palati  muscles,  by  the  contraction  of  the  palatopharyngei 
muscles,  and  by  the  elevation  of  the  uvula  through  the  azygos 
uvuhe  muscle. 

(c)  The  Guarding  of  the  Laxyngeal  Opening  is  ensured  in  part 
by  the  depression  of  the  root  of  the  tongue  through  the  hyoglossi 
muscles  as  described  alK)ve.  Supplementing  this  and  following  it 
in  time  is  tlio  closure  of  the  laryngi^al  opening  by  the  epiglottis  and 
the  adduction  of  the  vocal  cords.  (For  muscles  and  ner\'es  see 
Larynx.) 

The  second  step  in  the  clearing-up  phase  of  food  transportation 
through  the  pharynx  consists  of  a  pi*ristaltic  action  of  the  constrictors 
of  the  pharynx.  By  this  last  act  of  pharyngeal  deglutition  any 
particles  of  food  and  any  accumulated  mucus  are  cleared  from  the 
pharynx  and  started  along  the  oesophagus. 

The  two  [)luises  of  deglutition  above  described  (projection  and 
clearing-up)  seem  to  play  parts  of  different  relative  importance 
according  to  the  [)liysical  condition  of  different  foods.  In  the  case 
of  li(|ui(l  or  very  soft  food  the  projection  phase  is  the  more  important. 

In  drinking  the  cycle  of  swallowing  acts  follow  in  such  rapid 
succession  that  there  is  not  time  for  one  to  be  completed  before 
anotluT  is  induced.  'J^irough  the  influence  of  the  central  nervous 
system  all  that  portion  of  one  deglutition,  incompleted  when  a 
second  deglutition  supervenes,  is  suspended  or  inhibited. 

Kronecker  and  Aleltzcr  found  that  al>out  1.2  seconds  elapse 
l)etween  the  beginning  of  tin*  contraction  of  the  mylohyoid  and  the 
beginning  of  the  contraction  of  the  up|XT  segment  of  the  oesophagus. 
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There  would  be  five  complete  pharyngeal  acts  in  six  seconds;  this  is 
just  about  the  usual  rate  of  deglutition  when  drinking.  The  oesoph- 
ageal peristaltic  waves  must  then  be  suspended  during  the  progress 
of  drinking.  The  observers  cited  found,  furthermore,  that  the 
constrictors  of  the  pharynx,  though  they  would  have  time  to  contract, 
actually  remain  at  rest;  the  deglutition  being  in  this  case  a  series  of 
projections  followed  at  the  end  by  a  clearing-up  contraction  of 
pharynx  and  oesophagus. 

In  the  case  of  solid  food  in  a  well-formed  bolus  of  considerable 
consistency  the  clearing-up  phase  always  follows  the  projection  of 
the  bolus  across  the  pharyngeal  cavity. 

2.  (Esophageal  Deglutition.— The  bolus  is  passed  along  the 
oesophagus  by  a  peristalsis  which  differs  from  peristalsis  of  the  lower 
segments  of  the  alimentary  canal  in  being  more  under  the  immecliate 
control  of  the  central  nervous  system,  as  evidenced  by  the  fact  that 
removal  of  a  segment  of  the  oesophagus  does  not  block  the  progress 
of  the  peristalsis,  while  the  severing  of  a  nerve  suspends  the  peristalsis 
in  the  segment  supplied  by  the  severed  nerve. 

c.  The  Influence  of  the  Nervous  System  upon  Deglutition. 

(a)  The  Centre  for  involuntary  pharyngeal  and  oesophageal 
deglutition  lies  in  the  upper  end  of  the  medulla,  anterior  to  the 
respiratory  centre.  The  boundaries  of  the  centre  have  not  been 
clearly  defined. 

0?)  The  Afferent  or  Sensory  Impulses  which  precipitate  the 
act  of  involuntary  deglutition  reach  the  centre  through  the  pharyngeal 
ami  the  superior  laryngeal  branches  of  the  vagus,  and  the  palatal 
branches  of  the  superior  maxillary  divisions  of  the  trujcminvs.  The 
contact  of  the  bolus  of  food  with  the  mucous  membrane  supplied  by 
the  above-named  nerves  is  a  sufficient  stimulus  normally. 

(x)  The  Efferent  or  Motor  Impulses  which  put  the  muscles 
of  deglutition  into  activity  are:  the  hypoglossal  to  the  tongue  and 
to  the  muscles  which  raise  the  larynx;  the  glossopharyngeal,  vagus, 
facial,  and  trigeminus  to  the  palate,  fauces,  and  pharynx;  and  the 
vagus  to  the  larynx  and  oesophagus. 

B.  GASTRIC  DIGESTION. 
1.  THE  OA8TRI0  JUIOE. 

a.  The  Secretion  of  Gastric  Juice. 
1.  The  Structure  of  the  Gastric  Glands.— The  gineral  features 

of  the  secretion  of  gastric  juice  are  the  same  as  those  of  the  secretion 
of  saliva.  The  differences  are  specific  rather  than  gi»neric  and  are 
incident  to  tlie  location  and  the  specialized  function. 
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The  gastric  glaails  are  usually  classified  as  cardiac  au<l  pyloric, 
l>ecause  the  glands  of  these  two  rej^ons  differ  both  fuuctionaJly  and 
structurally.  Ilie  cardiac  glands  (see  Fig.  172)  possess  two  kinds 
of  active  cells,  the  "chief"  or  central  cells  and  the  parietal  cells. 

Ilie  columnar  central  cells  are  filled  with  a  fine  reticulum,  and 
possess  an  amount  of  granular  matter  varying  with  the  phase  of 
activity.  The  discoidal  or  crescentic  parietal  cells  do  not  lie  beside 
the  main  lumen  of  the  gland,  but  each  cell  possesses  a  diverticulum 
from  the  main  lumen.    (See  Fig.  173.) 

Besides  the  diverticula  shown  in  Fig.  173  there  are  minute  capil- 
lary branches  of  each  diverticulum,  which  surround  the  parietal 
cells.     (Sec  Fig.  174.) 


Ponloa  or  CAidiBc  BlBUd  0/ doc.  blghl;  nugiiillu<l : 

a.  a.  the  cenlnl  or  chief  celli  next  the  lumen  (r) : 

b.  b.  tbe  parieUl  or  uld  celli  ciiiirKcled  wUh  (be 

vitend  to  tbe  cell*.    (Pienol  i 


From  funduBKLinilDf  B  mouge.  B>:<kel' 

ihaped  plexuses  af  nplllarlesireaetTi  to 

lurruiind  Ibree  □lynllF  (&cld-secretlDg) 

ipen  Into  (he  gland  lumeD. 

moiiowlcx.) 
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'ITiere  has  been  some  controversy  alxiiit  the  function  of  the.sc  cells. 
'ITie  following  facts  deserve  consideration  in  thi.s  connection:  (i)  The 
cells  vary  in  .size  during  different  pha-ses  of  glandular  activity,  being 
larger  at  the  l>eginning  than  at  the  end  of  secretion,  (ii)  Each  cell 
is  provided  with  a  special  system  of  little  ducts  or  hiincna.  (ill)  The 
parietal  cells  are  the  only  celhs  jjcculiar  to  the  cardiac  end  of  the 
stomach,  (iv)  The  secretion  from  the  cardiac  end  of  the  stomach 
contains  hydrochloric  acid,  wliile  the  secretion  from  the  pyloric  end 
of  the  stomach  contains  no  hydnjchloric  acid.  This  was  demon- 
strated by  Heidenhain,  who  separated  the  two  jwrfions  of  the  stomach, 
giving  each  in  turn  an  external  fistulous  ojK-ning.  Frcmi  the  canliac 
end  of  the  stomach  only  was  the  secn-tion  acid  in  reaction. 

'ITiese  facts  seem  to  justify  the  following  inferences :  (i)  The  parietal 
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cells  art*  directly  associated  in  the  function  of  secretion  of  gastric  juice. 
(ii)  They  secrete  a  liquid  that  must  find  its  way  into  the  main  lumen 
of  the  gland,  (iii)  They  secrete  a  liquid  peculiar  to  the  secretion  of 
the  cardiac  end  of  the  stomach,  (rv)  Hydrochloric  acid  being  the 
only  liquid  peculiar  to  the  cardiac  end  of  the  stomach,  the  parietal 
cells  musty  therefore,  secrete  hydrochloric  acid.  This  course  of  reason- 
ing is  sufficiently  convincing  to  satisfy  physiologists  of  the  certainty 
that  in  the  parietal  cells  we  see  the  site  of  the  formation  of  hydro- 
chloric, but  it  is  reasoning  by  exclusion  and  cannot  be  accepted  as 
an  absolute  demonstration. 

ITie  central  cells  are  common  to  the  cardiac  and  the  pyloric  glands. 
ITie  secretion  of  pepsin  is  a  function  common  to  the  cardiac  and 
pyloric  ends  of  the  stomach.  The  central  cells  of  these  glands  are 
larger  at  the  beginning  than  at  the  end  of  secretion.  They  contain 
many  granules  at  the  beginning  of  secretion  and  few  at  the  end  of 
that  process.  There  can  be  little  doubt  that  the  pepsin  of  the  gastric 
juice  is  formed  in  the  central  or  chief  cells  of  the  cardiac  and  pyloric 
glands. 

The  pyloric  glands  differ  from  the  cardiac  glands,  first  in  general 
form — the  ducts  of  pyloric  glands  being  long  and  relatively  wide. 
Into  this  duct  empty  several  more  or  less  tortuous  tubules.  (See 
Fig.  175.) 

2.  The  Secretion  of  Pepsin.— This  is  one  of  the  essential  con- 
stituents of  the  gastric  juice  and  its  formation  within  the  cells  corre- 
sponds closely  to  the  fonnation  of  the  ptyalin  in  the  cells  of  the 
salivary  glands.  The  granules  formed  in  the  cells  during  the  period 
of  rest  represent  a  mother-substance  of  j>epsin  or  a  zymogen  which 
has  been  called  pepsinogen.  During  the  secretion  of  gastric  juice 
the  zymogen  is  subjected  to  a  further  metabolism  which  changes  it 
to  pepsin.  The  pepsin-secreting  power  of  the  pyloric  glands  is  much 
below  that  of  the  cardiac  glands.  It  is  contended  by  some*  that  any 
pepsin  found  in  the  pyloric  segment  of  the  stomach,  or  extracted 
from  the  mucous  membrane  of  that  segment,  was  secreted  by  the 
cardiac  glands  and  siinj)ly  absorbed  by  the  pyloric  mucous  mem- 
brane, or  taken  up  by  ^'infiltration,*'  Heidenhain's  investigations 
have,  however,  demonstrated  conclusively  that  pepsin  is  secreted  by 
the  pyloric  glands. 

Much  that  has  been  said  regarding  the  secretion  of  pepsin  is 
equally  true  for  the  milk-curdling  enzyme,  rennin,  Rennin  is  secreted 
by  the  central  or  chief  cells  of  the  cardiac  and  pyloric  glands.  It  is 
secreted  more  abundantly  by  the  cardiac  than  by  the  pyloric  glands. 
It  exists  in  the  gland  cells  in  a  granular  zjTuogen  (renninogen)  which 
may  be  extracted  as  such  and  then  changed  to  the  active  form, 

»  Wassmanii.    "Do  digestione  monnulu,"  Berolini,  1S39 ;  von  Wittich,  "Ucber  die    Pepetn 
wirkungder  Pylonisdriisen/'  Arch.  f.  d.  ges.  Physiologie,  Boun,  1878. 
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reniUD.  In  fact,  the  first  zymogen  found  was  that  of  rennin.  The 
granules  uf  pepsinogen  and  renninogen  exist  together  in  the  gland 
cells  and  it  is  impossible   to   differentiate  them   morphologically. 
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Recent  work  by  Pawlow  and  Pazaschtschuk,  I^awrow,  and  Salaskin 
seems  to  demonstrate  that  these  ferments  (pepsin  and  rennin)  are 
simply  different  manifestations  of  the  same  ferment.* 

3.  The  Secretion  of  Hydrochloric  Acid.— Hydrochloric  acid  is 
without  doubt  secreted  by  the  parietal  cells  of  the  cardiac  glands. 
From  what  materials  and  by  what  process  the  acid  is  formed  is  an 
undecided  (juestion. 

*' There  is  little  doubt  that  the  material  for  the  formation  of  the 
HCl  is  the  sodium  chloride,  which  forms  a  large  part  of  the  ash  \ 
of  blood  and  lymph.  The  plasma  and  lymph  is  alkaline  through  \ 
presence  of  sodium  carbonate.  How  can  chlorine  be  liberated  \ 
from  the  sodium  chloride  of  the  alkaline  plasma?  Only  two  methods 
are  possible:  1st,  either  the  CI  must  be  separated  from  Na  through 
some  active  energy,  as  electricity — in  electrolysis — or,  2d,  the  CI 
must  he  displaced  by  another  acicl.  There  is  no  ground  for  believing 
that  the  separation  is  effected  by  electricity."  (Bunge,  Physiological 
Chemistry.)  But  it  is  generally  Wieved  that  only  a  stronger  acid 
can  displace  a  weaker  one.  In  1871  Julius  ITiomsen  demonstrated 
that  '*  every  acid  can  displace,  from  its  combination  with  any  base, 
a  part  of  any  other  acid."^  This  ability  is  not  through  affinity  alone, 
but  through  another  characteristic  which  Thomsen  called  ^*  avidity J^ 
When  (*qual  parts  of  HCl  and  acetic  acid  act  together  upon  Na^CO, 
in  aqueous  solution  only  ^^  of  the  Na  will  combine  with  the  acetic 
acid ;  so  the  latter  acid  has  only  ^^  the  avidity  of  HCl.  But  if  the 
pro[K)rtion  of  acetic  acid  l)e  increased,  more  than  -^-^  of  the  Na  will 
combine  as  sodium  acetate;  and  the  more,  the  greater  the  preponder- 
ance of  acetic  acid. 

This  displacement  of  stronger  acid  by  a  weaker  one  when  the 
latter  is  increased  in  proportion  is  called  the  **mass  effect"  of  weak 
acids.  **p]ven  CO,  (or  HjCOg),  one  of  the  weakest  acids,  must  be 
able  through  mass  effect  to  displace  a  small  part  of  any  other  acid." 
(Bung(\)    The  reaction  might  be  written  thus: 

2Na('l  f  lOOOHjCOa  -=  DUOHjl^Os  -f  2HC1  -f  Xa,(X),. 

Maly  also  suggested  the  following  reactions  as  showing  the  possible 
source  of  the  1 1  CI: 

(I)  N:iH,P()4  -f  Njiin  =  Na,,HIM),  -f  HCl. 
(11)  2Na.,HlM)4  4-  'M\xi\  =  CMVi),)^  -f  4NaCl  +  2Ha. 

That  any  of  these  reactions  occurs  has  not  been  demonstrated. 
Most  physiologists  believe  that  the  chlorine  is  liberated  chemically 
in  some  way  from  one  of  the  chlorides  of  the  blood.  But  as  Bunge 
says:  *' There  is  less  obscurity  in  the  lilxjration  of  free  HCl  than  in 
the  ability  of  the  parietal  cells  to  secrete  the  HCl  toward  the  lumen 

'  Sec  Zcitsch.  f.  phyalol.  Chein.,  vol.  xxxvl.  p.  290. 

3  J.  Thomsen,  "  Tbermo-chcmische  Uutersuchungcn,"  Poggendorff  Ann.,  1871, 148. 
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of  the  gland  and  discharge  the  other  products  toward  the  blood." 
In  other  words,  even  after  we  have  accounted,  chemically,  for  the 
formation  of  the  hydrochloric  acid  we  will  still  have  to  fall  back  upon 
the  vital  activity  of  the  cell  to  account  for  its  ability  to  select  from 
the  blood  the  compounds  needed  in  the  reaction,  and  to  return  to  the 
blood  a  part  of  the  products  of  the  reaction  while  another  part  is 
secreted  into  the  lumen  of  the  gland. 

b.  Factors  which  Oontxol  Secretion  of  Oastric  Juice. 
1.  The  Innervation  of  the   Stomach,    (a)    Anatomically.— (i) 

The  left  vagua  is  distributed  to  the  lesser  curvature  and  anterior 
surface  of  the  stomach,  besides  sending  communicating  branches  to 
the  hepatic  plexus.  The  right  vagus  passes  behind  the  viscus, 
innervates  the  fundus  and  posterior  surface,  and  sends  communicat- 
ing branches  to  the  coeliac,  splenic,  and  renal  plexuses,  (ii)  Through 
these  communicating  branches  the  stomach  receives  sympathetic 
fibres  from  the  splanchnics.  (in)  The  gangliated  plexus  of  Aucrbach 
lies  between  the  muscular  coats  of  the  stomach  and  the  gangliated 
plexus  of  Meissner  lies  in  the  submucosa.  (iv)  The  special  plexuses 
of  Openchowski,  which  innervate  the  cardia  and  pylorus. 

Note  that  the  innervation  is  cranial  and  sympathetic;  thus  far  it 
Is  like  the  innervation  of  the  salivary  glands.  Note,  further,  that 
there  are  present  in  the  stomach  at  least  two  distinct  diffuse  gangliated 
plexuses. 

(6)  Physiologically,  the  innervation  of  the  stomach  may,  in  the 
light  of  recent  work  in  the  Pawlow  Institute  (St.  Petersburg),  be 
thus  briefly  summarized: 

(a)  Effkrknt  Fibres  reach  the  glands  of  the  stomach  from  the  cen- 
tral nervous  system  through  the  vagus  and  through  the  syvipaihetic 
system  (splanchnics).  These  two  general  sources  supply  the  glands 
with:  (i)  vagus  secretory,  (ii)  vagus  inhibitory,  (iii)  sympathetic 
secretory,  (iv)  sympathetic  vasoconstrictor,  and  (v)  sympathetic 
vasodilator. 

(^9)  Afferent  Fibres  reac*h  the  central  nervous  system  from  the 
mucous  membrane  of  the  stomach  through  the  vagus.  But  the 
secretory  activity  of  the  stomach  is  governed  not  alone  by  gastric 
stimuli.  Not  less  potent  than  these  are  gustatory  and  olfactory  stimuli 
impulses,  which  are  received  at  the  gastric  seiTctory  centre  along 
the  respective  cranial  nerves.  Furthermore,  the  centre  is  influence(l 
by  the  sight  and  even  the  thought  of  food ;  thus  to  the  afferent  paths 
we  must  add  the  optic  nerve  and  association  fibres  from  the  cere- 
brum to  the  centre. 

(t)  The  Centre  for  Gastric  Secretion  exists  as  surely  as  did 
Uranus  before  Herschel  discovered  it;  otherwise  what  is  the  signifi- 
cance of  all  these  afferent  and  efferent  paths?     Until  it  is  more 
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definitely  located  we  may  safely  assume  that  it  is  in  the  medulla 
oblongata,  not  far  from  other  centres  that  preside  over  vital  func- 
tions. 

2.  The  Response  of  the  Oastric  Olands  to  Stiiimli. — ^Much  has 

been  accomplished  in  the  field  by  Heidenhain  and  others.  It  remained 
for  Professor  Pawlow  and  his  pupils  of  the  Institute  of  Experimental 
Medicine  in  St.  Petersburg,  to  rework  the  whole  subject  and  to 
illuminate  it  with  many  brilliant  discoveries.  No  adequate  presenta- 
tion of  this  important  subject  can  be  made  without  rehearsing,  in 
outline  at  least,  the  methods  and  the  results  of  Professor  Pawlow's 
decade  of  research.^ 

(a)  The  Method. — Dogs  were  used  as  subjects.  ITiey  were  sub- 
jected to  the  following  operative  procedures: 

(a)  (EsoPHAGOTOMY,  in  which  the  oesophagus  was  divided  and  a 
double  fistula  made  in  the  throat,  enabling  the  experimenter  to  feed 
the  animal  by  mouth,  the  food  dropping  out  of  the  upper  fistula 
{sham  feeding),  or  to  feed  by  introduction  of  food  into  lower  fistula 
(true  feeding).  Psychic  feeding  was  accomplished  by  passing  food 
before  the  eyes  and  nose  of  the  animal  without  permitting  him  to 
actually  take  it  into  his  mouth. 

(/?)  Gastkotomy,  in  which  the  stomach  was  divided  along  the  line 
A  B  (see  Fig.  176)  and  sutured  so  as  to  form  a  "Pawlow  pouch," 
jiossessing  all  the  coats  of  the  viscus,  a  fistulous  opening  upon  the 
surface,  and  its  full  normal  innervation,  but  no  open  connection  with 
the  main  cavity  of  the  stomach.    (See  Fig.  177.)    [Pawlow,  p.  12,  13.] 

(y)  Gastric  Fistula,  in  which  a  fistulous  opening  is  made  into 
the  main  cavity  of  the  stomach,  with  or  without  the  pouch. 

In  some  of  the  more  complex  experiments  animals  were  subjected 
to  all  of  these  operations  and  lived  for  months  comfortably. 

(b)  The  Results  of  the  Researches  only  can  be  given  in  this  brief 
text. 

I.  **  By  a  careful  pre[)aration  of  the  vagus  nerves,  some  branches 
were  discrovered  whose  excitation  causes  a  secretion  without  any 
latent  period,  almost  as  promptly  as  the  chorda  tympani  expels 
saliva.  From  the  latter  fact  we  must  conclude  that  in  the  branches 
mentioned  the  secretory  fibres  of  the  pancreas  have  been  anatomic- 
ally separated  from  the  inhibitory,  and  that  the  purely  secretory 
nerves,  on  artificial  stimulation,  call  into  play  the  activity  of  the 
organ  without  any  latent  period.  Finally,  Dr.  Popielski  succeeded 
also  in  isolating  branches  of  the  vagus,  which  only  inhibited  and 
never  called  forth  a  secretion.  If  such  inhibitorv  nerves  exist,  it  is 
easy  to  understand  their  reflex  excitation,  both  under  normal  con- 
ditions {US  well  as  during  operations.    Nor  is  the  possibility  excluded 

>  For  the  source  of  this  summary  see  the  Work  of  the  Digestive  Glands.  Lectures  by  niwlow, 
traushited  by  W.  II.  Tliompson,  M.l).,  of  Dubliu.  Published  by  Charles  Griffin  &  Co.,  London, 
11H)2.    References  to  this  volume  will  be  given  by  page  in  bracket*!. 
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that  reflex  inhibition  extends  also  to  the  secretory  centres  for  the 
pancreas"  [p.  61]. 

II.  "We  cannot  doubt  that  secretory  fibres  for  the  stomach  are 
present  not  only  in  the  vagus,  but  also  in  the  sympathetic"  [p.  61]. 
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III.  **It  need  hardly  be  said  that,  in  addition  to  these  special 
nerves,  vasomotor  nerves — constrictor  and  dilator — also  pertain  to 
the  glands"  [p.  61]. 

IV.  "Just  as  men  and  animals  in  the  world  are  only  able  to  maintain 
their  existence  and  constantly  adapt  themselves  to  changing  circum- 
stances by  aid  of  the  peripheral  endings  of  their  sensory  nerves,  so 
every  organ,  indeed,  every  cell  of  every  organ,  can  only  maintain  its 
place  in  the  animal  microcosm,  and  adapt  itself  to  the  activity  of 
innumerable  associates,  as  well  as  to  the  general  life  of  the  whole, 
by  virtue  of  the  fact  that  the  peripheral  end  apparatus  of  its  centrip- 
etal nerves  possess  a  specific  excitability"  [p.  64]. 

We  must  l)e  prepared,  therefore,  to  find  that  the  stomach  re- 
sponds to  special  and  not  general  stimuli,  as  has  been  for  a  longtime 
assumed.  Further,  that  its  secretion  is  adapted  in  time  of  appear- 
ance, in  quantity,  and  in  quality,  to  the  work  which  it  has  to 
accomplish. 

V.  **  Every  individual  kind  of  food  calls  forth  a  particular  actinty 
of  the  digestive  glands,  with  special  properties  of  the  digestive  juices" 
[p.  82]. 

Pawlow's  experiments  on  the  stomach  secretion  consist  in  obser- 
vations on  the  quantity  and  the  character  of  the  secretion  with 
(i)  psychic  feedinffy  (ii)  sham  feeding^  and  (in)  trtie  feeding,  each 
kind  of  feeding  Ix^ing  tested  with  the  typical  foodstuffs — egg  albumen, 
starch  paste,  and  fat,  either  liquid  or  solid — and  with  such  typical 
foods  as  lean  meat,  bread  and  milk,  taken  separately  or  in  combi- 
nation. 

VI.  **  Repeated  attempts  wen*  made  to  excite  a  secretion  of  gastric 
juice  by  mechanical  ancl  chemical  stimulation  of  the  buccal  mucous 
membrane.     All  such  attempts  failed"  [p.  71]. 

VII.  **When  we  call  to  mind  the  failure  of  our  attempts  to  obtain 
a  secretion  of  gastric  juice  by  any  stimulation  whatever  of  the  buccal 
mucous  membrane,  and  at  the  same  time  see  how  constant  and 
intense  the  action  of  this  psychic  -  impression  is,  we  are  forced  to 
the  inevitable  conclusion  that  in  our  sham-feeding  experiment  the 
whole  secretory  effect  is  due  to  tlie  psychic  stimulus,  that  is  to  say, 
to  the  keen  desire  on  the  part  of  the  animal  for  fooil  and  the  satis- 
fjK'tion  of  enjoying  it"  [p.  7.*^]. 

"We  an*  therefon*  justified  in  saying  that  the  appetite  is  the  first 
and  mightiest  exciter  of  the  secretory  nerves  of  the  stomach,  a  factor 
whicli  embodies  in  itself  a  something  capable  of  impelling  the  empty 
stomach  of  a  dog  in  the  sham-feeding  experiment  to  secrete  large 
(|uantities  of  the  stn)ngest  juice.  A  good  appt*tite  in  eating  is  equiv- 
alent from  the  outset  to  a  vigon)Us  secretion  of  the  strongest  juice; 
wIktc  there  is  no  appetite  this  juice  is  altogether  absent.  To  restore 
appetit(*  to  a  man  means  to  s(»cure  him  a  large*  stock  of  gastric  juice 
wlierewith  to  brgin  the  digestion  of  the  meal"  [p.  75]. 
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Vlli.  "As  you  see,  the  curv^e  which  represents  the  resuUs  of  the 
direct  introduction  of  flesh  into  the  stomach  ascends  much  more 
slowly,  and  does  not  attain  anything  like  the  height  of  that  caused 
by  normal  feeding  with  the  same  food.  But  if  the  quantities  obtained 
by  direct  introduction  of  the  flesh  be  added  to  those  of  sham  feeding, 
the  resulting  curve  is  almost  identical  with  the  normal"  [p.  82]. 

We  find,  therefore,  that  feeding  acts  in  two  ways:  first,  as  a  pure 
'psychic  stimvluSy  appealing  to  the  animal  through  gustatory,  olfactory, 
visual,  and  other  sensations,  exciting  a  mental  state  (appetite)  w^hich 
in  turn  induces  a  copious  secretion  of  gastric  juice;  second,  the  food 
acts  directly  upon  the  mucous  membrane  as  a  chemical  stimulus, 
thus  exciting  a  secretion  adapted  to  the  particular  foodstuff. 

As  set  forth  in  the  last  quotation  (VIII)  the  total  secretion  in 
normal  feeding  is  the  sum  of  that  induced  by  psychic  stimulus  plus 
that  induced  by  chemical  stimulus.  The  first  is  properly  called 
** appetite  juice,'*  the  second  ''food  juice."  Both  of  these  components 
vary  according  to  the  kind  of  food  ingested. 

**Mechani<xil  stimvlation  of  the  gastric  mucous  membrane — i,  e., 
presence  of  food,  without  reference  to  the  chemical  nature — does  not 
cause  any  secretory  response"  [p.  86]. 

The  gastric  juice  secreted  in  response  to  these  various  stimuli 
varies,  (i)  as  to  quantity,  (ii)  as  to  degree  of  acidity,  and  (iii)  as  to 
proportion  of  pepsin. 

IX.  "The  juice,  as  it  is  poured  out  of  the  glands,  always  possesses 
the  same  degree  of  acidity.  We  do  not,  however,  receive  the  juice 
directly  from  the  glands,  even  in  our  method.  After  it  is  secreted 
by  these  it  has  to  flow  down  over  the  alkaline  mucous  membrane 
and  inevitably  becomes  partially  neutralized — that  is  to  say,  has  its 
acidity  reduced." 

"It  is  a  rule,  almost  without  exception,  that  the  acidity  of  the  juice 
is  closely  dependent  uj>on  the  rate  of  secretion;  the  more  rapid  the 
latter,  the  more  acid  the  juice,  and  vice  versa"  [p.  30]. 

"  If  the  stomach  has  been  washcnl  several  times  in  succession,  not 
infreciuently  all  connection  between  the  rate  of  secretion  and  degree 
of  acidity  can  be  removed.  Moreover,  a  short  time  ago  we  made 
olxser\'ations  in  the  lal)oratory  upon  a  dog  suffering  from  strongly 
marked  hyperacidity  of  pathologic  origin,  hut  in  no  single  sample 
of  the  juice  did  the  acidity  prove  to  excetul  the  nonnal.  If  all  this 
be  correct,  the  varjing  necessity  for  acid  during  the  course  of  digestion 
is  supplie<l  by  variations  in  the  ciuantity  of  juice  and  not  by  changes 
in  its  acidity"  [p.  31]. 

X.  ** The  foodstuffs  were  tested  with  the  following  positive  results: 
IVater,  milk,  gelatin,  and  meat  extract  act  as  chemical  stinuili  of  gastric 
secretion,  the  strongi\st  Inking  the  m(*at  extract.  Water  in  quantities 
of  I  to  K  litre  must  Ih»  accept(»d  as  a  chemical  excitant  of  gastric 
secretion,  if  only  a  weak  one"  [p.  98]. 
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"In  addition  to  water,  we  have  at  present  found  only  one  other 
chemical  excitant — viz.,  in  the  extractive  materials  of  flesh.  Milk 
and  solution  of  gelatin  were,  however,  also  found  to  be  direct  chemical 
stimuli  to  gastric  secretion.  The  individual  extractives  such  as 
kreatin,  kreatinin — etc.,  were  found  to  be  ineffective"  [p.  97]. 

XI.  **  Without  any  stimulating  effect,  but  with  a  mild  inhibitor}' 
effect,  are  starch  and  sugars.  The  remaining  foodstuffs,  such  as  fat 
and  starch,  proved  in  Dr.  Chigin's  hands  not  to  have  any  exciting 
effects.  Starch,  whether  boiled  or  unboiled,  and  mixed  in  different 
proportions  with  water,  had  no  greater  effect,  but  rather  less  than 
water  alone.  The  same  applies  to  grape-sugar  and  cane-sugar" 
[p.  97]. 

XII.  "A  new  and  very  striking  fact  is  here  before  us.  Fat  depresses 
— that  is,  inhibits — ^the  normal  energy  of  the  secretory  process" 
[p.  104]. 

XIII.  The  foods  were  tested,  with  the  following  results:  "The 
greatest  digestive  power  belongs  to  the  juice  poured  out  on  bread, 
which  for  shortness  we  may  name  'bread  juice.'  Its  mean  proteo- 
lytic power,  according  to  Dr.  Chigin,  is  represented  by  6.64  mm. 
A  diet  of  flesh  calls  forth  a  juice  of  3.99  mm.  digestive  power,  And 
one  of  milk  of  3.26  mm.  If  we  now  turn  to  a  comparison  of  these 
juices  with  one  another  we  find,  according  to  the  law  of  Schutz  and 
Borrisow,  that  *bread  juice'  is  representee!  by  44  (6.64'),  'flesh  juice' 
by  10  (3.99'),  and  'milk  juice'  by  11  (3.26')"  [p.  33]. 

"Take,  for  example,  the  quantities  of  ferment  which  the  stomach 
|X)urs  out  on  corresponding  nitrogen  equivalents  of  the  various  kinds 
of  food:  on  bread,  10()0  ferment  units;  on  flesh,  430,  and  on  milk, 
340"  [p.  36]. 

** These  indicate  that,  on  protein  in  the  form  of  bread,  five  times 
more  pepsin  is  poured  out  than  on  the  same  quantity  of  protein  in 
the  fonn  of  milk,  and  that  flesh  nitrogen  requires  25  per  cent,  more 
pepsin  than  that  of  milk"  [p.  37]. 

XIV.  ''The  digestion  recjuires  l>oth  appetite  juice  and  food  juice. 
In  the  case  of  flesh  this  appetite  juice  affords  important  assistance 
to  the  *f()od  juice/  thereby  determining  a  rapid  digestion  and 
shortening  the  stay  of  the  raw  product  in  the  digestive  canal.  With 
other  foods,  for  example,  with  bread,  appetite  juice  is  an  indispensable 
ccmdition  to  their  digestion.  If  bread  or  egg  albumen  be  eaten 
without  appetite  or  introduced  into  the  stomach  unobserved,  they 
lie  there  for  a  long  time,  just  as  stones  lie,  without  the  least  appear- 
ance of  digestion"  [p.  101]. 

XV.  ''Habituation  to  one  diet  leads  to  an  adjustment  of  the  glands 
to  that  diet.  If  a  dog  ha^  l>een  fed  for  weeks  on  nothing  but  milk 
and  bread,  and  is  then  brought  to  an  exclusively  flesh  diet,  which 
contains  more  j)rotein,  hut  scarcely  any  rarlK)hydrate,  a  continuous 
increase  of  the  protein  ferment  in  the  juice  is  to  be  observed.    The 
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capability  of  digesting  protein  waxes  from  day  to  day,  while,  on  the 
contrary,  the  amylolytic  power  of  the  juice  is  found  to  be  continu- 
ously on  the  wane"  [p.  41]. 

XVI.  "Sleep  does  not  exercise  the  least  influence  on  the  secretory 
work  of  the  gastric  glands"  [p.  123]. 

c.  Chemical  Oomposition  of  the  Oastric  Juice,   v^    '^ 

m 

The  most  reliable  and  complete  analyses  of  gastric  juice  are  those 
made  by  Carl  Schmidt.  The  human  gastric  juice  was  collected  from 
a  healthy  woman  who  had  a  permanent  gastric  fistula  made  necessary 
by  a  traumatic  stricture  of  the  oesophagus.  The  analysis  of  gastric 
juice  from  the  carnivorous  animal  is  the  mean  of  ten  determinations 
from  a  dog  whose  salivary  ducts  had  been  ligated. 

CoNffrrruEMTs  op  tbk  Gastric  Juice.         Human.  .  Doo. 

Water 99.440  97.806 

SoUds 0.560  2.694 

Organic 0.819  1.718 

Pepsin,  mucin,  etc. 

Inorganic 0.241  0.961 

HCl       .        .        .        .     [0.1%  to  0.2%]  0.884 

NaCl 0.146  0.250 

KCl 0.055  0.112 

CaClt 0.006  0.026 

NH4CI 0.021  0.047 

Ca3(P04)8^  /  0.171 

Mg8(P04),^ 0.013  ^0.028 

Vea{POih^  ^0.008 


Note  that  the  principal  organic  substance  is  the  enzyme.  Mucin 
is  always  a  constituent  of  the  secretion  of  a  mucous  membrane. 
Among  the  salts  one  notes  the  presence  of  chlorides  and  phosphates, 
but  the  absence  6f  carbonates,  which  formed  an  important  constituent 
of  the  saliva,  causing  its  alkalinity.  The  acidity  of  the  gastric  juice 
is  not  always  due  to  HCl,  but  frequently  to  lactic  acid,  which  is  the 
product  of  a  lactic  acid  fermentation  which  takes  place  in  the  contents 
of  the  stomach.^  Note  that  the  gastric  juice  of  the  dog  is  much 
richer  in  both  organic  and  inorganic  constituents  than  is  human 
gastric  juice.  The  HCl  in  the  gastric  juice  of  the  dog  ranges  from 
0.3  per  cent,  to  0.5  per  cent,  lliat  it  should  be  stronger  is  to  be 
expected  first  because  the  diet  of  the  carnivorous  animal  is  largely 
a  proteid  diet  which  must  follow  either  an  acid  pepsin  digestion  or  a 
trypsin  digestion.  The  bones  which  carnivorous  animals  eat  can  only 
be  digested  by  a  strongly  acid  gastric  juice. 

*  The  tiacterlom  lacUs  and  allied  species  are  able  to  attack  starch  as  well  as  milk-sugar,  so  that 
Uie  prawDoe  of  lactic  acid  is  possible  even  when  the  subject  has  had  no  milk.  The  following 
seaeClon  has  been  suggested  (Simon) : 

(I)  2(CeHi«05)n  +  nHsO  «  nCsHssO,,,  lactose. 
(II)  CwUssO,,      +nsO    -4C3H0O3,       lactic  acid. 

23 


364  SPECIAL  PHYSIOLOGY 


2.  THE  CHEMI8TRT  OF  OA8TRI0  DIOS8TI0V. 

Experiment  shows  that  the  active  agents  of  the  gastric  juice  are 
the  enzyme  and  the  acid. 

If  a  t\pical  protein,  such  as  coagulated  egg  albumen,  be  put  into 
a  neutral  solution  of  pepsin  it  will  not  be  dissolved. 

If  a  protein  \ye  put  into  a  0.1  to  0.3  per  cent.  HQ  solution  it  will 
be  mddified  hjoth  physically  and  chemically — it  will  swell  up  and 
become  clearer,  some  proteins  actually  passing  into  a  clear  solution. 
The  chemical  change,  though  not  understood  in  detail,  is  recognized 
as  a  chemical  association,  or  possibly  a  typical  chemical  combination 
of  the  HCl  molecule  with  the  protein  molecule.  Such  a  compound 
is  called  an  albuminate  and  is  classified  as  one  of  the  derived  proteins. 
Iliis  particular  albuminate  is  called  acid  albumin,  or  synianin. 
Acid  albumin,  or  syntonin,  is  precipitated  by  neutralizing  the  solution. 
It  can  be  redissolved  by  weak  acid  or  be  converted  into  alkali 
albumin  bv  weak  alkali. 

It  must  be  exident  from  the  above  that  of  the  active  agents  the 
acid  must  act  first  upon  the  albumin  and  globulin  classes  of  proteins. 
If  one  bring  gastric  juice — either  secreted  or  artificial — into  contact 
i^ith  a  native  protein  under  favorable  conditions  the  proteins  will  be 
rapidly  changed  to  svntonin.  Upon  this  syntonin  the  pepsin  acts, 
inducing  a  series  of  hydmlytic  cleavages. 

As  in  the  hydrolytic  cleavages  which  starch  undergoes  under 
the  influence  of  ptyalin,  so  here  the  process  represents  several  steps. 
Just  how  many  steps  there  are  between  the  acid  albumin  or  syntonin 
and  the  final  product,  peptone,  is  still  an  open  question.  TTie  mid- 
products  l)etween  the  albuminates  and  the  peptones  are  called 
proteosf'.s  in  general.* 

Of  the  [proteoses  two  steps  have  been  demonstrated — viz.,  primary 
proteoses  and  secondary'  proteoses.  The  secondary  proteoses  are 
appropriately  so-called  because  they  not  only  follow  the  primary 
proteoses  in  time,  but  are  derived  from  them.  The  primary  proteoses 
exist  in  two  chemically  st^parable  forms  named  by  Neumeister*  proto- 
albumoses  (protoproteoses)  and  hetcroalbumoses  (heteroproteoses). 

The  deuteroalbumoses  exist  in  forms  which  are  not  chemically 
separable,  but  which  give  rise  to  a  series  of  peptones  also  inseparable 
chemically.  A  part  of  the  ptptone  formed  by  peptic  proteolysis 
undergoes,  .under  the  influence  of  tr\*psin,  further  change  which 
results  in  the  formation  of  tvrosin,  leucin,  and  allied  nitrogenous 
bodies.    The  other  part  of  the  {Ketone  is  not  acted  upon  by  trypsin. 

>  The  inulpnKiucts  of  the  native  albumins  are  called  the  albumo$e9:  of  tbe  glolNiliiu,  ^obn- 
loutt;  of  raseiu,  c,ifeinn.*f*.  etc.,  but  these  diBtinctions,  if  justified  by  our  present  chemical 
knowltnluv.  are  ocru\iiily  not  necessary  at  present.  IjcI  us,  tberefcnv,  gioop  all  of  the  mid- 
protlucls  iHMwoen  the  >yntonin$  and  the  peptones  as  proteoKf. 

-  Ix'hrltuch  d.  physiol.  ('hemie. 
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Attempts  to  account  for  the  phenomena  of  proteid  digestion  have 
given  rise  to  two  hypotheses:  (i)  Kiihne's  hypothesis  of  cleavage 
ifUo  two  co-ordinate  hemi"  and  a/i/i-molecules,  the  former  breaking 
up  under  the  influence  of  trypsin  into  amino-acids,  while  the  latter 
is  changed  to  peptone;  and  (ii)  Moore's  hypothesis  of  cleavage,  from 
the  proteid  moledUe  of  subordinate,  amino-acid  molecules.  The  reader 
remembers  that  in  salivary  digestion  the  starch  molecule  is  subjected 
to  a  series  of  hydrolytic  cleavages,  but  that  these  cleavages  are  not 
co-ordinate.  In  each  cleavage  a  subordinate  molecule  maltose  is  split 
off  from  the  carbohydrate  molecule  until  the  whole  carbohydrate 
molecule  is  finally  broken  up  into  maltose  molecules.  According 
to  Moore's  hypothesis:  "The  different  proteins,  especially  the 
proteoses,  differ  so  little  in  chemical  composition  that  the  difference 
m  their  nature  is  probably  due  to  a  difference  in  atomic  grouping. 
.  .  .  Some  of  these  groups  are  much  more  susceptible  of  decom- 
position than  others.  .  .  .  Those  albumoses  which  yield  much 
amino-acid  contain  in  their  molecules  more  groups  which  are  decom- 
posable by  trypsin.  .  .  .  Those  which  yield  much  antipeptone  con- 
tain less  of  these  decomposable  groups.  ...  In  all  cases  that  sub- 
stance which  we  call  antipeptone  is  the  remainder  after  all  of  those 
groups  which  are  attackable  by  trypsin  have  been  removed  in  the 
form  of  amino-acids."  The  process  which  Moore  outlines  is  in 
harmony  with  the  facts  and  is  analogous  to  ptyalin  digestion.  Moore's 
hypothesis  presents  no  hypothetical  substances;  it  utilizes  only 
substances  separable  by  chemical  methods  from  all  other  substances. 

'^The  facts  of  peptic  proteolysis  may  be  summarized  in  the  follow- 
ing table: 


SbbibsL 


KiUta  Proteid. 

I 

Sjmtoiiln. 


SsftiBS  n 


Native  Proteid. 


Syntooin. 


Primary  Proteoeet. 


SaooDdary  Proteoeet. 


Peptonet. 


Proto-proteoee 


CRABACTEB18TIC8. 


Responds  to  xanthoproteic  test,  to  Millon's  test. 
Is  indiffUsible. 

Soluble  in  dilate  acids,  ipsolable  in  water,  in- 
dimisible. 


/Soluble  in  H,0 ;  precipitated  bv  MgS0«,  NaCl 
t    or(NU«)3SO«  in  Sat.  Sol.    Diffusible 


Hetero-proteoeei  (Soluble  in  dilute  NaCI  solution,  precipitated  by 
-l     Sat    Sol.    NaCl  or  MgSO«  aud  (NH«)tSO«. 
(    Diffusible. 


I 
Deu  tero-proteoaes. 


Peptones. 


Soluble  in  water.    Pi«cipiuted  by  (NH«)«$0«. 
Diffusible. 


Soluble  in  water,  not  precipitated  by  (NH«)tSO« 
Diffusible. 
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3.  FACTORS  WHICH  DfFLUEHCE  GA8TBI0  DIGE8TI0H. 

\\  "  1.  The  Preparation  of  Food. — Inasmuch  as  gastric  digestion  is 
confined  to  proteins,  it  is  now  in  order  to  detennine  the  influence  of 
cooking  upon  proteolysis.  Proteins  may  be  divided  into  two  classes 
for  the  consideration  of  this  subject: 

(a)  Proteins  which  are  Coagulated  by  Heat. — ^This  class 
includes  the  native  albumins  and  globulins.  As  already  mentioned 
under  cooking,  the  application  of  high  temperatures  to  any  of  this 
class  of  proteins  decreases  the  ease  with  which  it  may  be  digested. 
In  the  preparation  of  eggs  (uncompounded),  of  clear  lean  meat, 
of  beef  juice  or  blood  (serum  albumin  and  serum  globulin)  just  as 
little  heat  should  be  applied  as  is  possible  to  do  and  make  a  palatable 
dish. 

(Ji)  Proteins  which  are  Not  Coagulated  by  Heat.  AUyumin" 
oids, — Collagen  is  the  sole  representative  of  this  class  which  is  im- 
|>ortant  here.  Collagen  enters  into  the  formation  of  all  of  the  con- 
nective tissues  of  the  animal  body.  In  preparing  most  cuts  of  meat 
one  has  to  deal  with  a  large  proportion  of  connective  tissue.  If 
property  prepared  it  is  digestible  and  nourishing;  if  not  so  prepared 
it  is  almost  indigestible  itself,  and  its  presence  keeps  the  digestive 
juices  from  gaining  proper  access  to  the  simple  proteins,  and  thus 
prolongs  very  greatly  the  period  of  their  digestion.  When  connective 
tissue  is  subjected  to  heat  in  the  presence  of  moisture,  the  collagen 
Ijecomes  hydrated  into  gelatin.  The  meat  is  then  easily  masticated, 
the  digestive  juices  readily  penetrate  it,  and  the  gelatin  itself  is  readily 
digested. 

2.  The  Mastication  of  Food. — lender  mastication  the  importance 
of  this  process  was  urged.  It  is  not  less  im{X)rtant  for  gastric  digestion 
than  for  salivary  digc\sti()n. 

3.  The  Reaction  of  the  Contents  of  the  Stomach. — ^From  what 

appeared  al>ove  it  is  e\ident  that  gastric  digestion  cannot  proceed 
in  an  alkaline  medium.  Tlie  first  step  in  the  process  being  the 
formation  of  acid  albumin,  it  is  important  to  determine  what  aicids 
may  serve  the  purpose. 

(a)  Thk  Kind  of  Acid  Xecessary. — ^The  hydrochloric  acid  of 
the  gastric  juice  is  nature's  acid.  I'nder  certain  conditions  lactic 
acid  appears  in  moderate  ijuantities.  Any  conditions  which  lead  to 
a  decrease  in  the  hydrochloric  acid  favor  the  appearance  of  lactic 
acid,  a  fermentation  product.  In  pi^ptic  proteolysis  kuiic  acid  may 
take  ike  ploee  of  hjfdroehlorie  aeid.  Si'veral  organic  acids  are  taken 
with  the  food:  aeetic  acid,  in  vinei::ar;  malic  acid,  in  rhubarb,  straw- 
l)erries,  apples,  etc.;  citric  acid,  in  lemons  and  oranges,  and  tartaric 
acid,  in  gra|H\s.  Any  of  these  acids  may  supplement,  or  even  replace, 
the  hydrochloric  acid  in  gastric  (ligt\stion. 
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0?)  The  Amount  of  Acid  Necessary. — Experiment  shows  that 
though  0.3  per  cent,  is  the  strength  of  the  hydrochloric  ac»id  in  pure 
gastric  juice,  that  is  not  the  strength  necessary  for  the  formation  of 
acid  albumin.  The  foods  taken  into  the  stomach  dilute  the  acid 
very  much,  so  that  it  is  hardly  likely  that  the  acid  of  the  stomach 
during  digestion  represents  more  than  0.1  per  cent,  of  the  whole 
contents  of  the  stomach.  Digestion  proceeds  rapidly  in  HCl  of  that 
strength.  Just  how  strong  the  other  acids  should  l)e  is  not  deter- 
minecl.  It  is  not  likely  that  they  could  be  effective  in  less  than  0.1 
per  cent,  strength.  Experiment  has  shown  that  0.1  per  cent,  to 
0.4  per  cent,  represent  average  favorable  limits  with  some  variation 
in  the  lower  limit  for  different  organic  acids.  The  presence  of 
moderate  quantities  of  organic  acids  probably  exerts  relatively  little 
effect  upon  digestion.  The  tendency  of  many  to  use  these  acids  very 
freely,  together  with  the  influence  which  the  presence  of  other  acids 
has  upon  the  secretion  of  hydrochloric  acid,  makes  this  question  of 
importance  to  the  clinician.  If  one  were  to  drink  a  large  quantity  of 
lemonade  at  the  beginning  of  a  meal  it  is  evident  that  the  strong  acid 
reaction  of  the  stoma(*h  would  greatly  retard  salivary  digestion. 
On  the  other  hand,  a  moderate  amoimt  of  any  acid  drink  or  food 
toward  the  end  of  the  meal  serves  a  double  purpose  in  gastric  digestion : 
(i)  to  stimulate  the  activity  of  the  gastric  glands;  (ii)  to  assist  the 
HQ  in  the  digestion  of  proteins. 

4.  The  Influence  of  Temperature.— What  was  said  of  the  influ- 
ence of  temperature  upon  salivary  digestion  a[)plies  equally  to  gastric 
digestion. 

5.  The  Influence  of  Dilution. — Much  has  Ix^en  said  and  written 
against  the  drinking  of  cold  water  with  meals,  and  espec»ially  at  the 
beginning  of  meals.  There  is  more  misconception  regarding  water 
than  any  other  food.  Without  entering  into  a  discussion  of  the 
details  of  the  question,  and  without  citing  the  numerous  and  reliable 
authorities,  the  author  will  briefly  state  a  few  of  the  fundamental 
facts  reganling  the  relation  of  water  to  nutrition:  (i)  W'ater  is  a 
prime  necessity  to  the  animal  body.  Lack  of  sufficient  water  is  just 
as  certain  to  lead  to  a  derangement  of  the  nutrition  of  the  Ixxly 
&s  is  lack  of  sufficient  solid  food.  Most  people  ust»  too  little  water; 
few  people  use  too  much  water,  (ii)  The  free  use  of  water  does  not 
tend  <lirectly  to  the  accumulation  of  fat.  llie  statement  that  it  does 
so  is  a  fallacy,  which  arises  from  these  facets :  The  free  use  of  water 
facilitates  the  processes  of  nutrition  and  economizi^s  food  by  utilizing 
a  greater  proportion  of  it.  Un<ler  such  (conditions  any  excess  of  food 
temls  to  Ik*  deposited  as  reserve  matcTial  in  the  form  of  fat.  The 
reasonable  thing  to  do,  if  one  wishes  to  decrease  the  tendency  to 
accumulate  fat,  is  not  to  induce  a  j)ath()l()gic  c()n<liti()n  by  the 
decrease*  of  the  water,  but  to  aim  ply  decrease  the  jaUjormnuj  material 
— I.  e.,  decrease  the  carbohydrates  and  fats,    (in)  Cold  water  stinmhites 
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the  free  secretion  of  gastric  juice.  Cold  water  in  moderate  quantity 
at  the  beginning  of  a  meal  thus  hastens  the  gastric  digestion  and 
makes  more  efficient  the  antiseptic  action  of  the  gastric  juice.  Re- 
calling what  was  said  regarding  the  relation  of  water  and  other  diluents 
to  salivary  digestion,  it  is  evident  that  several  of  the  factors  which 
hasten  and  facilitate  gastric  digestion  at  the  same  time  retard  or 
stop  salivary  digestion.  We  have  to  choose  between  these  two  alter- 
natives. Which  process  is  the  more  important  to  the  system?  The 
amylolytic  enzyme  of  the  pancreatic  juice  is  much  more  active  than 
is  ptyalin.  The  conditions  for  digestion  of  starches  are  more  favor- 
able in  the  intestine  than  in  the  stomach. 

By  far  the  most  important  processes  which  take  place  in  the 
stomach  are:  (i)  the  disinfection  of  the  stomach  contents  by  the 
hydrochloric  acicl;  (ii)-  the  digestion  of  proteins.  The  prolonging 
of  salivary  digestion  is  of  much  less  importance  than  either  of  these. 
The  reasonable  thing  to  do  is  to  stimulate  the  secretion  of  gastric 
juice.  Water  is  a  most  efficient  agent  in  the  stimidation  of  the  secretioii 
of  gastric  juice. 

6.  The  Influence  of  the  Movements  of  the  Stomach.— The 

movements  of  the  stomach  facilitate  gastric  digestion  (i)  by  mixing 
the  gastric  juice  with  the  food,  and  (ii)  by  removing  those  portions 
already  digested. 

We  shall  find  that  movements  of  the  stomach  (to  be  discussed 
later)  are  wholly  involuntary.  If  they  are  to  be  controlled  or  modified 
in  character  it  must  be  through  the  influence  of  reflexes.  One  may 
indirectly  influence  the  rate  of  the  heart  by  influencing  the  factors 
which  control  the  heart.  In  the  same  way,  to  a  smaller  extent, 
perhaps,  one  may  influence  the  movements  of  the  stomach  by  influ- 
encing the  factors  which  control  the  stomach  musculature.  Cannon,* 
after  a  series  of  observations  on  the  influence  of  the  emotions  upon 
the  movement  of  the  stomach,  thus  summarizes  his  results:  "The 
stomach  movements  are  inhibited  (actually  stopped)  whenever  the 
cat  shows  signs  of  anxiety,  rage,  or  distress."  That  strong  emotions 
inhibit  the  movements  of  the  human  stomach  and  thus  retard  gastric 
digestion  is  beyond  doubt. 

4.  THE  MOVEMENTS  OF  THE  STOMACH. 


The  most  recent  and  most  valuable  contribution  to  our  knowledge 
of  the  movements  of  the  stomach  lias  been  made  by  Prof.  Cannon, 
of  Harvard.  The  Roentgen  rays  were  utilized  in  producing  a  series 
of  sketches  of  the  stomach  in  action.  To  make  the  contents  of  the 
stomach  opaque  to  the  rays,  subnitrate  of  bismuth  was  mixed  with 
the  food.     A  clear  conc.'cption  of  the  gastric  movements  and  of  the 

J  The  Movements  of  the  Stomach,  American  Journal  of  Physiology,  vol.  1.  p.  859. 
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effect  of  these  movements  may  be  gotten  by  reproducing  here  some 
of  Cannon's  figures,  and  quoting  his  summary: 

(a)  "The  Stomach  Consists  of  two  physiologically  distinct  parts: 
the  pyloric  part  and  the  fundus.  Over  the  pyloric  part,  w^hile  food 
is  present,  constriction  waves  continually  course  toward  the  pylorus. 
TTie  fundus  is  the  active  reservoir  for  the  food  and  squeezes  out  its 
contents  gradually  into  the  pyloric  part." 


Fio.  178 


Fia.  182 


a:  am. 
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Fun.  178  to  185.  The  morements  of  the  stomach.  These  figures  present  the  outlines  of  the 
■hadow  of  the  oontents  of  the  stomach  cast  on  a  fluorescent  screen  by  the  Roentgen  ray.  They 
show  the  change  in  the  appearance  of  the  stomach  at  intervals  of  one  hour  fh>m  the  time  of 
eating  until  the  atomaoh  is  nearly  empty.    (Cannon.) 
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O?)  "The  Stomach  is  Emptied  by  the  formation  of  a  tube 
between  the  fundus  and  the  antrum,  along  which  peristaltic  con- 
strictions pass.  (See  Fig.  158,  p.  280.)  The  contents  of  the  fundus 
are  pressed  into  the  tube,  and  the  tube  and  antrum  slowly  cleared 
of  food  by  the  waves  of  constriction." 

(;')  "The  Food  in  the  Pyloric  Portion  is  first  pushed  forward 
by  the  running  wave,  and  then  by  pressure  of  the  stomach  wall  is 
returned  through  the  ring  of  constriction;  thus  the  food  is  thoroughly 
mixed  with  gastric  juice,  and  is  forced  by  an  oscillating  progress  to 
the  pylorus."    (See  Fig.  178  et  seq,) 

(d)  "The  Food  in  the  Fundus  is  not  moved  by  peristalsis,  and 
consequently  it  is  not  mixed  with  the  gastric  juice;  salivary  digestion 
can,  therefore,  be  carried  on  in  this  region  for  a  considerable  period 
without  being  stopped  by  the  acid  gastric  juice." 

(e)  "The  Pylorus  Does  Not  Open  at  the  approach  of  eveiy 
wave,  but  only  at  irregular  intervals.  '^The  arrival  of  a  hard  morsel 
causes  the  sphincter  to  open  less  frequently  than  normally,  thus 
materially  interfering  with  the  passage  of  the  already  liquefied 
food." 

(^)  "Solid  Food  Remains  in  the  antrum  to  be  rubbed  by  the 
constrictions  until  triturated,  or  to  be  softened  by  the  gastric  juice, 
or  later  it  may  be  forced  into  the  intestine  in  the  solid  state." 

(7j)  "The  Constriction  Waves  have,  therefore,  three  functions: 
the  mixing,  trituration,  and  expulsion  of  food." 


5.  VOMITING. 

\     a.  The  Mechanism  of  Vomiting. 


\ 


In  discussing  this  subject  one  must  difl^erentiate  between  (i)  mild 
vomiting  without  nausea  and  (ii)  violent  vomiting  with  nausea. 
Dogs  and  infants  are  likely  to  overload  the  stomach.  The  latter 
responds  by  a  firm  contraction  of  the  pylorus  or  sphincter  antri 
pyloric!  followed  by  a  general  contraction  (a  reversed  peristalsis)  of 
the  walls  of  the  stomach,  the  result  \mng  a  regurgitation  of  a  part 
of  the  just-swallowed  food.  That  there  is  no  nausea  associated 
with  this  act  is  evidenced  by  the  fact  that  the  "dog  returneth  to 
his  vomit,"  eating  the  food  a  second  time;  if  the  dog  were  nauseated 
he  would  not  do  that.  But  in  adult  man,  the  act  of  vomiting  is 
generally  preceded  by  a  feeling  of  nausea,  and  usually  there  is  a 
rUvsh  of  saliva  into  the  mouth,  caused  by  a  reflex  stimulation  through 
the  afferent  fibres  of  the  gastric  vagus  and  the  efferent  chorda  tympani. 
After  this  a  deep  inspiration  is  taken  and  the  glottis  closed  so  that 
the  diaphragm  is  finnly  pressed  down  upon  the  abdominal  contents; 
and  it  is  kept  contracted  while  a  violent  contraction  of  the  abdominal 
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muscles  forcibly  compresses  the  stomach,  whose  contents  are  ejected. 
ITiis  movement  is  so  sudden  that  the  sluggishly  contrac»ting  involun- 
tary muscles  of  the  stomach  walls  do  not  have  time  to  assist. 

\x  S&.  The  Influence  of  the  Nervous  System  upon  Vomiting. 

(//)  The  Efferent  Impulses  pass  to  the  j)yloric  sphincters,  the 
diaphragm,  the  abdominal  muscles,  and  the  nuiscles  of  the  larynx 
and  pharynx  through  the  vagus,  phrenic,  lower  intercostals,  and  the 
suj>erior  maxillary  division  of  the  V. 

<Ji)  The  Vomiting  Centre,  though  not  definitely  located,  exists 
somewhere  in  the  medulla.  The  muscles  which  are  most  active  in 
vomiting  are  the  respiratory  muscles.  The  vomiting  centre  must 
Ix*  associated  with  the  respiratory  centre;  it  may  be  identical  with 
the  respiratory  centre  in  whole  or  in  part,  or  it  may,  under  particular 
conditions,  simply  dominate  the  respiratory  centre.  The  vomiting 
centre,  indefinite  though  it  is  anatomically,  is  definitely  influencetl 
by  certain  afferent  impulses. 

(;')  The  Afferent  Impi  i^es  reach  the  medullar  centre  through: 
(i)  the  vagus,  which  is  stimulated  by  any  gastric  irritant;  (ii)  the 
trigeminus  and  the  glossopharyngeal,  which  are  stimulated  when 
the  uvula  and  fauces  are  tickle<l;  (iii)  the  afferent  nerves  supplying 
the  urogenital  tract,  stimulated  by  irritation  of  that  tract — «?.(/., 
uterine  nerves  stimulated  during  pregnancy;  (iv)  finally,  impulses 
may  reach  the  vomiting  centre  from  the  cerebrum  or  cerebellum 
which  may  induce  vomiting.  These  impulses  may  be  caused  by 
certain  pathologic  conditions,  or  may  l)e  induced  through  the 
cerebrum  by  certain  sights,  odors,  or  tastes;  or  may  be  induced  purely 
psychically  through  the  memory  of  certain  experiences  which  were 
associated  with  nausea.  Disturbances  of  equilibrium  may,  through 
this  same  central  influence,  induce  vomiting. 

Drugs  which  induce  vomiting  are  called  emetics. 


C.  INTESTINAL  DIGESTION. 
1.  THE  DIGESTIVE  FLUIDS. 

a.  The  Secretion  of  Pancreatic  Juice. 

Hie  pancreas  represents  the  compound  tubular  typi*  of  glands. 
The  general  arrangi*ment  of  its  ducts  and  tubular  alveoli  is  shown 
in  Fig.  164,  under  Secretion,  The  structural  changi\s  which  take 
place  in  the  cells  of  the  pancreas  during  sc»rrction  are  (juite  like  those 
which  are  observed  in  the  salivary  glands  during  their  activity,  and 
these  changes  have  the  same  significance.    During  the  resting  stage 


SPECIAL  PHYSIOLOGY 


(Kg.  186)  the  cells  lieoorae  loaded  with  zymogen  granules,  and  their 
outlines  are  less  clearly  seen.    After  a  period  of  secretion  the  granules' 


Pari ofauulvouliisor the  rabUl'B  puncrvu:  A,  at  rest:  B,  after actlTairctetEiHi.  a,  tbelDne 
gnnuUrzuDe,  which  In  A  la  Urger  anil  more  cloMlr  sluilded  with  fine  grenule*  than  IdB.Ib 
vrblcb  Ihegranuleeare  fever  and  coaner;  b.  the  outer  tramparent  zone,  tmallln  A.  lacBnlnS, 
and  In  Iha  latter  marked  with  faint  HrliB ;  c,  the  UimeD.  very  obvioiu  in  B,  but  ludlnlaet  In  A ; 
(t,  an  indentalloii  at  Ibe  Juacllon  or  Ibu  (wo  ccllj,  only  imd  In  B.  (From  Sobarer,  after  FoMcr 
and  Kiibae.) 

become  much  less  numerous,  strije  appear  in  the  cytoplasm,  and  the 
unmodified   cytoplasm   is   relatively   much   more   abundant.     11k 


Fraoitjwork  nl  a  lobiik' 


appearances  justify  the  concUisioii  that  parts  of  the  secretion — the 
ferments — are  formed  fnun  the  granules;  that  these  granules  become 
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exhausted  during  secretion,  and  are  formed  during  rest  at  the  expense 
of  the  cytoplasm.  The  cytoplasm,  in  turn,  is  replenished  during  the 
secretory  activity  of  the  gland,  the  cells  apparently  seizing  the  oppor- 
tunity when  the  blood  supply  is  abundant  to  secure  the  needed 
nutriment.  During  the  resting  period  the  granules  are  formed  at 
the  expense  of  the  cytoplasm. 

6.  Factors  which  Control  the  Secretion  of  Pancreatic  Juice. 

The  secretion  of  pancreatic  juice  varies  with  the  phase  of  digestion, 
beginning  soon  after  a  meal  and  reaching  a  maximum  (in  the  dog) 
from  one  to  three  hours  after  the  meal,  and  gradually  decreasing  as 
digestion  progresses.  This  relation  of  pancreatic  secretion  to  con- 
ditions in  the  alimentary  canal  makes  it  certain  that  the  secretion 
is  a  reflex  act. 

1.  Innervation  of  the  Pancreatic  Gland.— Tins  is  given  in  general 
above.  (See  Fig.  160.)  One  may  recall  the  double  source,  vagus  and 
sympathetic,  and  that  there  are  secretory  fibres  and  vasomotor  fibres, 
'rhe  afferent  fibres  pass  to  the  centre  along  the  vagus,  not  from  the 
pancreas,  but  from  the  duodenum.  This  makes  it  possible  for  con- 
ditions in  the  duodenum  to  modify  the  activity  of  the  gland. 

2.  Conditions  which  Modify  Activity  of  Pancreas,  (a)  Psychic 
Wmnlns. — As  in  the  stomach,  so  in  the  pancreas,  the  psychic  stimulus 
is  normally  the  first  to  act. 

I.  Psychic  Influence. — "In  the  experiment  of  teasing  the  animal 
by  offering  it  food,  the  pancreatic  flow  also  generally  begins  after 
two  or  three  minutes.  This  appears  to  me  to  point  to  a  direct 
psychic  influence  through  the  secretory  nerves  of  the  pancreas."^ 

(6)  Ohamical  Stimuli.  II.  Action  of  Acids, — "During  the  acute 
experiment  already  describt*d  a  solution  of  hydrochloric  acid  is 
poured  into  the  duodenum.  By  this  means  a  long-continued  and 
vigorous  secretion  of  pancreatic  juice  is  called  forth.  If  the  vagus 
nerve  be  now  strongly  stimulated  a  slowing — often  to  complete 
standstill — of  the  secretion  is  obtained  every  time  without  exception. 
Excitation  of  the  sympathetic,  on  the  other  hand,  only  slows  the 
secretion,  and  this  after  the  lapse  of  some  time"  [p.  60]. 

"No  particular  difference  in  the  exciting  effect  of  various  acids 
was  noticed.  Tlie  acids  investigated  were  phosphoric,  citric,  lactic, 
and  acetic,  in  addition  to  the  hydrochloric''  [p.  114]. 

III.  Action  of  Water, — "When  water  is  poured  into  the  stomach 
the  result  is  a  secretion  of  pancreatic  juice." 

"ITie  conclusion  is  clear  an<l  free  from  objection,  namely,  that 
water  is  an  independent  and  direct  exciter  of  the  nervous  mechanism 
of  the  pancreas"  [p.  125]. 

1  Pawlow.    The  Digestive  Glandf,  p.  V2i. 
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IV.  Action  of  Organic  Foods, — "Dr.  Dolinsky  poured  fluid  oil 
into  the  stomach  of  dogs,  and  subsequently  obser\'ed  a  more  or  less 
considerable  flow  of  pancreatic  juice." 

"The  experiment  affords  us  adequate  grounds  for  conclu<ling  that 
fat  is  an  independent  exciter  of  the  pancreatic  gland"  [pp.  121,  122], 

"When  Dr.  Walther  fed  a  dog  with  bread,  the  pancreatic  fluid 
possc»ssed  as  much  strongt*r  amyloljiic  action  than  the  juice  obtained 
at  a  corrt»sponding  period,  and  with  the  same  rate  of  flow  after  a 
meal  of  flesh"  [p.  120]. 

(c).  Inhibition  of  Pancreatic  Secretion. — V.  "  An  addition  of  sodium 
bicarlK)nate  to  the  food  for  a  length  of  time  markedly  depresses  the 
secretory  activity  of  the  pancreas,  which  falls  to  an  unusually  low 
point"  [p.  126].' 

"Sleep  does  not  exercise  the  least  influence  on  the  secretory  work 
of  the  pancreatic  glands"  [p.  123]. 

(d)  Summary. — VI.  "  If  we  now  sum  up  these  facts,  we  are  in  a 
position  to  say  that  there  are  some  excitants  common  to  the  gastric 
•  glands  and  to  the  pancreas.  Among  these  probably  the  psychic 
effect,  also  water,  and  the  strong  craving  for  food  and  water,  are  to  be 
included.  But,  in  addition,  both  organs  have  their  specific  stimuli; 
for  the  gastric  glands,  the  extractive  substances  of  meat,  and  for  the 
pancreas,  acids  and  fat"  [p.  125]. 

IX.  "The  acid  gastric  juice  causes  secretion  of  the  pancreatic 
fluid  by  its  acidity  and  in  direct  proportion  to  it;  that  is  to  say,  while 
the  acid  constituent  of  the  sodium  chloride  is  taken  up  by  the  j>eptic 
glands  and  then  passed  on  into  the  caWty  of  the  stomach,  the  basic 
clement,  the  sodium,  serves  for  the  prt*paration  of  pancreatic  fluid. 
And  thus  the  two  constituents  of  the  sodium  chloride  meet  again  in 
the  aliinentury  canal  and  reproduce  the  salt.  If  the  acid  excites  a 
flow  of  pancreatic  juice,  with  the  object,  among  others,  of  neutralizing 
itself,  we  should  in  consecpience  expect  to  meet  with  variations  in 
the  alkalinity  of  the  juices  apart  from  the  content  of  ferment,  and 
determined  by  the  acidity  of  the  exciting  fluid;  and  this  is  indeed  the 
case;  however,  the  juice  is  always  produced  for  digestive  purposes, 
and  never  merely  for  neutralization  of  aci<ls"  [p.  119]. 

X.  "We  se(»  from  the  al)()ve  an  instructive  instance  of  how  the 
work  of  one  segment  of  the  alimentary  canal  is  connected  with  and 
dependent  ujK)n  that  of  the  previous  one.  Thus,  the  saliva,  which 
moistens  everything  dry,  is  able  to  act  as  an  exciter  of  gastric  secretion 
bv  virtue*  of  its  content  of  water.  In  the  stomach  itself  it  is  in  this 
way  ensured  that  the  psvehic  secretion  which  is  the  forerunner  of 
dig(\sti()n  is  continued  by  the  influence  of  the  saliva,  llie  acid  of 
the  gastric  juice  acts  in  its  turn  as  an  excitant  of  the  pancreatic  gland, 
and  thus  t\\v  nuitual  influence  which  the  digestive  glands  exert  upon 
each  other  is  clearly  manifested"  [p.  IIO]. 
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c.  The  Composition  of  the  Pancreatic  Juice. 

The  sensitiveness  of  the  pancreas  to  any  operative  procedures 
makes  it  difficult  to  get  a  normal  secretion  from  a  fistula.  The 
Pawlow  fistula  is  made  by  the  insertion  of  a  T-tube  in  the  duct  of 
the  gland,  so  that  at  will  the  secretion  may  be  drawn  off  or  turned 
into  the  duodenum.  The  establishment  of  the  fistula  is  followed 
by  inflammatory  changes.  Before  these  changes  occur  a  secretion 
may  be  caught  which  is  called  temporary.  After  the  inflammatory 
changes  have  subsided  the  secretion  approaches  the  normal  qualita- 
tively, though  it  contains  a  much  smaller  proportion  of  solids. 

Tlie  following  table  gives  two  analyses  by  Carl  Schmidt^  from 
temporary  and  permanent  fistulae;  also  an  analysis  by  Zawadsky*  of 
normal  human  pancreatic  juice: 

Chemical  Composition  or  Pancreatic  Juice. 


Fbom  a  Tbmpoeabt 
FXSTUUA  (Doo). 

Fbom  a  Perm akbnt 
Fistula  (Dog  . 

HnMAHf  PaMC 

JUZCB. 

Watbb. 
0OUIW: 

90.06 
9.92 

97.68 
2.32 

86.406 
13.506 

Orgomit:  Edstomb,  etc 

9.04 
0.88 

1.64 
0.68 

13.251 
0.344 

Cb»  Mff  mud  Na  photphatM. 

0.06 

0.74 

tnoe. 

0.06 

0.33 
0.25 
0.09 
0.01 

The  pancreatic  juice  contains  several  important  constituents: 

1.  Enzymes. — (i)  An  amylolytic  enzyme — Amylojpsin,  (ii)  A 
proteolytic  enzyme — Trypsin,    (iii)  A  lipoljtic  enzyme — Lipase. 

2.  Alkaline  Salts.— Na^CO,,  and  NXPO,. 

The  influence  of  the  salts  is  to  make  the  alkalinity  of  the  pancreatic 
juice  equal  to  0.2  to  0.4  per  cent,  of  NaOH. 

d.  The  Composition  of  the  Succus  Entericus. 

This  fluid  is  secreted  by  the  crypts  of  lJel)erkuhn.  The  secretion 
is  caught  by  making  a  fistula.  The  Velhi-niiry  fistula  is  formed 
by  cutting  across  the  intestine  at  two  places,  10  to  30  cm.  apart, 
without  interfering  with  the  blood  supply,  restoring  the  continuity 
of  the  intestine,  stitching  both  ends  of  the  isolated  piece  to  the 
abdominal  wall,  leaving  a  double  fi.stulous  opiMiing.  Fhiid  caught 
from  such  a  fistula  is  limpid,  opalescent,  has  a  sp(*cific  gravity 
ranging  from  1.010  to  1.014,  an  alkalinity  of  nearly  0.5  per  cent. 
NaOH;  it  contains  proteins,  and  coaguhites  on  standing.     It  con- 

1  Quoted  hf  Maly  in  Uennann's  Handbuoh  d.  rhyslol..  Bd.  v.  (2).  S.  1A<). 
•  Zeotmlbl.  f.  Physiol.,  1891.  ltd.  t.  8. 17». 


^i 


366  SPECIAL  PHYSIOLOGY 

tains  2  to  3  per  cent,  of  solids,  of  which  0.7  per  cent,  to  0.9  per 
cent,  is  asli.  Human  succus  entericus  from  the  ileum  near  the 
ileocsecal  valve^  contained  a  much  smaller  proportion  of  solids,  and 
had  a  specific  gravity  1.0069. 

The  most  important  constituents  of  the  succus  entericus  are:  (a) 
Enzymes:  Enterokindse  and  Invertin,  (6)  Alkaline  salts:  NclJOO^, 
etc. 

As  in  the  case  of  the  gastric  and  pancreatic  juices,  so  is  the  succus 
entericus  secreted  through  the  action  of  specific  stimuli:  (i)  Indi- 
gestible substances  like  cellulose  or  connective  tissue  act  as  me- 
chanical stimuli  and  cause  a  free  secretion  of  water,  the  purpose 
evidently  being  to  wash  the  indigestible  matter  along  the  intestines. 
(ii)  Pancreatic  juice  stimulates  a  free  flow  of  succus  entericus  rich  in 
Enterokinase, 

e.  Composition  of  the  Bile. 

The  consideration  of  the  bile  in  its  relation  to  metabolism  will 
be  taken  up  later.  It  will  be  sufficient  to  sunmiarize  its  composition 
here,  and  to  discuss  under  digestion  only  those  features  which  espe- 
cially influence  digestion. 

Table  Showing  the  Composition  op  Human  Bile. 

CONSTITUKNTB.  FROM  QaLL-BLADDBR.  FBOM  FUTULA. 

Water 89.81  98.72 

Solids 10.19  1.28 

Organic : 

Cilycocholatc  of  sodium )  g  g^  (a  16 

Taurocholate  of  sodium  /      •       •       •  •  lo.  06 

CholcHtcrln,  lecithin,  fats,  and  soaps  .  3.09  0.04 

Mucin,  pigment,  epithelium,  etc.        .1.45  0.15 

Inorganic  salts: 

Na..C03,  Na...HI»04 0.63  0.84 

Note  that  the  bile  contains  no  ferment.  Its  most  important  con- 
stituents are  the  NajCOg,  the  NajHPO^,  and  the  glycocholate  and 
taurocholate  of  sodium.  The  daily  quantity  of  bile  secretion  varies 
from  500  c.c.  to  800  c.c. 


2.  THE  CHEMISTRT  OF  INTESTINAL  DIGESTION. 

a.  The  Action  of  the  Pancreatic  Juice. 

The  pancreatic  juice  is  active  chemically  through  its  alkaline  salts 
and  its  cnzvmes.  The  alkaline  salts  of  the  intestinal  fluids  neutralize 
the  acids  which  enter  the  duodenum  from  the  stomach  and,  in  tlie 
typical  cas(*,  make  the  intestinal  contents  distinctly  alkaline.    In  an 

1  Tabby  an(i  Manning,  Ciuy's  Hospital  Reports,  London,  1891,  vol.  zlviii.  p. -277. 
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alkaline  medium  all  of  the  enzymes  act  more  vigorously  than  in  a 
neutral  or  faintly  acid  medium. 

^ "  1.  The  Amylolytic  Enzyme— Amylopsin.— This  enzyme  is  prac- 
tically identical  with  ptyalin  in  all  its  properties  except  that  its  action 
is  very  much  more  rapid.  Like  ptyalin  it  acts  best  in  an  alkaline 
medium,  and  like  that  enzyme  it  changes  starch  to  maltose.  In  the 
discussion  of  salivary  digestion  it  cannot  have  escaped  the  attention 
of  the  reader  that  the  ptyalin,  under  the  most  favorable  circumstances, 
digests  only  a  small  proportion  of  the  starch.  Due  to  the  imperfect 
cooking  to  which  starchy  foods  are  so  frequently  subjected,  to  the 
imperfect  mastication  and  insalivation  which  are  so  prevalent,  and 
to  the  almost  universal  dilution  of  the  contents  of  the  stomach  with 
liquid  foods  or  drinks,  the  action  of  the  ptyalin  is  reduced  to  a  most 
unimportant  role.  It  is  to  the  amylolytic  enzyme  of  the  pancreatic 
juice  that  we  must  look  for  the  digestion  of  the  amyloses. 

The  conditions  under  which  this  enzyme  acts  arc  most  favorable; 
the  temperature,  the  reaction,  the  degree  of  dilution,  the  trituration 
of  the  foods  by  the  stomach  are  all  favorable  to  rapid  action  of 
the  amylopsin.  Even  raw  starch  is  readily  digested  in  vitro  by  the 
amylopsin.  ITie  conditions  to  which  incompletely  cooked  starch 
is  subjected  in  the  stomach  probably  make  it  more  easily  digestible 
than  is  the  raw  starch  used  in  laboratory  experiments. 

One  may  thus  sum  up  the  action  of  amylopsin :  (i)  It  acts  upon 
raw  or  cooked  starch,  causing  a  series  of  hydrolytic  cleavages  identical 
with  those  caused  by  ptyalin  (which  see).  The  hydrolysis  is  probably 
complete,  resulting  finally  in  producing  maltose,  from  starch,  (ii) 
It  acts  upon  the  dextrins  which  have  been  previously  formed  by 
ptyalin — viz.,  amylodextrin,  erythrodextrin  and  achroodextrin,  com- 
pleting the  hydrolytic  changes  already  l>egim ;  thus  producing  maltose 
from  dextrins,  (iii)  It  acts  upon  glycogen,  changing  it  to  maltose 
through  a  series  of  cleavages  parallel  to  or  identical  with  those 
observed  in  the  amylolytic  digestion  of  starch.* 

2.  The  Proteolytic  Enzyme — ^Trypsin.— The  protein-digesting 
enzyme  of  the  pancreatic  juice  differs  from  that  of  the  gastric  juice 
in  requiring  an  alkaline  medium  instead  of  an  acid  medium  for  its 
activity. 

The  first  step  of  tryptic  proteolysis  is  the  formation  of  alkali  albumen. 
This  at  once  initiates  a  series  of  hydmlytic  changes  which,  though 
parallel  to  the  changes  of  peptic  pn)teolysis,  are  not  identical  with 
them.  The  proteoses  formed  cannot  be  chemically  separated  into 
primarj'  and  secondary  proteost\s.     There  is,  therefore,  no  proto- 

1  The  fart  that  the  amylolytic  rerment  Ib  absent  from  the  pancreatic  Juice  of  infants  makes  it 
eTkdait  that  they  are  not  prepared  by  natua>  for  starchy  fo<Ml}<.  Milk  is  nature's  fcxMl  for 
mammaliau  young,  as  witness  all  imlicatiuns  l)oth  in  the  mother  and  ofTspring.  In  the  young 
mammal  there  are:  (i)  abundant  and  active  milk-curdling  enzymes;  (ii)  proteolytic  enzynii's; 
(lu)  a  flU-eplitting  enzyme,  and  (iv)  an  inverting  enzyme. 
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proteose  and  no  heteroproteose.  DetUeroproteoses  are  present  in 
several  slightly  varied  forms,  but  all  of  them  fulfilling  the  require- 
ments of  deuteroproteose  or  deuteroalbumose.  The  deuteroproteose 
formed  in  tryptic  proteolysis  is  apparently  identical  in  its  response 
to  chemical  reactions  with  the  deuteroproteose  formed  in  peptic 
proteolysis.  Neumeister  finds  that  there  are  several  deuteroproteoses 
formed  in  tryptic  digestion,  and  that  all  of  them  yield  on  further 
cleavage  both  peptone  and  araino-acids. 

The  deuteroproteose  of  tryptic  proteolysis  gives  rise  to  peptone 
and  to  the  series  of  amino-acids — i.  e,,  there  is  experimental  evidence 
of  a  subordinate  hydrolytic  cleavage  of  deuteroproteose  but  no  experi- 
mental evidence  of  a  co-ordinaie  cleavage  into  two  peptones. 

The  action  of  trypsin  upon  native  proteins  and  upon  peptic  proteo- 
lytes  may  be^thus  summarized : 


Table  of  Tryptic  Proteolysis, 


Of  Satire  Protein 


Protein 


AlkaHrAllmmin 


1 


D€ut*ro-pr*iW*a 


l^tturu 


Aminif- 


Of  Peptic  Proteolyfea 


Prvtit-jt  nttroite 


Proto-pnAroBC 


Atmimv-afi'U 


Hetent-proteose 


lietero-proteoae 


tSptomt        Awtim^ 
aeiJt 


Deutero-proteoBe 


Deutero-proteo9e 


A 


Ptpttm* 


Am%m* 


Ftptume. 


Ptptcme 


1 


The  peptone  of  tryptic  digestion  is  the  form  in  which  most  of  the 
protein  foodstuffs  are  absorbed.  From  this  substance  and  from 
some  sulpluir-containing  ronn)ound,  protoplasm  and  other  higher 
proteins  seem  to  be  built  up  by  a  process  of  anabolism.  It  is  im- 
portant to  determine  the  constitution  of  this  substance.  There  is 
strong  evidence  that  it  is  identical  with  Siegfried's  Fleischsdure} 

Both  compounds  react  the  same  in  the  biuret  test;  both  fail  to 
n\sj)on(l  to  Millon's  reagent;  both  are  very  hygroscopic;  both  yield, 
on  dec()niiK)sition  with  hydrochloric  acid,  lysin  and  lysatinin.  Fleisch- 
siiure  has  In^en  obtained  directly  from  the  products  of  advanced 
tryptic  digestion.    Both  of  the  bodies  under  consideration  are  easily 

^  Arohlv  f.  Anat.  u.  Physiol.,  I^lpzig,  1894.  S.  401 ;  Zeitsch.  f.  pbyriol.  Chem.,  SlranbarR. 
1896,  nd.  xxl.,  S.  360. 
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soluble  in  water.  From  a  hot  alcoholic  solution  Fleischsiiure  crystal- 
lizes in  minute  crystals.  Siegfried  has  determined  the  formula  of 
Fleischsaure  to  be  C10HJ5N3O5  (mol.  wt.  257),  Sjocjuist^  determined 
the  molecular  weight  of  peptone  (cryoscopic  method)  to  Ix^  250.  In 
the  light  of  these  facts  it  seems  certain  that  peptone  and  Fleischsaure 
are  either  identical  or  closely  allied,  and  that  the  quantitative  formula 
for  the  two  is  represented,  at  least  approximately,  in  the  determined 
formula  for  Fleischsaure. 

Frequent  reference  has  been  made  to  the  amino-acids  formed  in 
tryptic  proteolysis  and  to  organic  bases  (lysin,  lysatin,  etc.)  formed 
in  the  hydrolytic  decomposition  of  proteins. 

The  following  are  the  most  important  of  the  cleavage  products  of 
the  proteins: 

Olycin,  or  aminoacetic  acid. 

Alaiiin,  or  aminopropionio  acid. 

Phenylalanin,  or  phenylaminopropionic  acid. 

Tyrosin,  or  phenyloxyaminopropionic  acid. 

Amino  valeric  acid. 

I^ucin,  or  aminobutylacetic  acid. 

Aspartic  acid,  or  amiiio.succinic  acid. 

Glutominic  acid,  or  aminofi^lutaric  acid. 

Arpnin,  guanidinaminovalcric  acid  )  ..     ,  , 

Ly.sin,  diaminocaproic  acid  /  ^^^  '^^-^""  ^^-^  ^• 

Histidin. 

Cy«tin. 

Ammonia. 

CaH>on  dioxid. 

Hydn)gen  sulphid. 

3.  The  Lipolytic  Enzjrme— Lipase.— Fats  are  not  changed  chem- 
ically in  any  of  the  digestive  proces.ses  which  take  place  Ix^fore  they 
reach  the  small  intestine.  Adi|H)se  tissue,  consisting  of  collagen 
and  fat,  is  broken  up  in  the  stomach  by  the  [H*ptic  digestion  of  the 
collagen  (or  gelatin),  which  releases  the  fat.  Animal  fat  is  fluid  at 
the  temperature  of  the  animal  Ixxly. 

ITie  released  and  fluid  fat  is  mixed  with  the  acid  chvme  in  the 
form  of  small  globules  and  passes  into  the  duo<lenum.  The  alkaline 
salts  of  the  pancreatic  juice  and  bile  neutralize  all  free  hydro- 
chloric acid  and  change  the  reaction  to  neutral  or  alkaline  in  the 
duo<lenum. 

A  simple  fat,  as  tripalmitin,  is  a  combination  of  three  fatty  acid 
molecules  with  propenyl,  the  glycerol  radical.  The  general  structural 
formula  of  the  fatty  acids  of  the  primary  monatomic  alcohol  series  is : 
CH,— (CH,)n.,— COOH.  The  formula  of  palmitic  acid,  the  sixteenth 
member  of  the  series,  is:  CH, — (CHj),^ — (X)()II;  of  stearic  acid  the 
eighteenth  member:  CH, — (CHj),^ — COOH.  Tripalmitin  has  the 
following  structural  and  quantitative  formuhe: 

[CH,  -  (rH,>,,,-  COO],  -  (',H».  or  ((\.H„(g,  '  (\H,. 

1  QnoCed  by  Moore  fh>m  8k*nd.  Arch.  f.  Phyiiol.,  Leipzig,  1890,  Bd.  v.,  8.  277. 
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Oleic  acid  belongs  to  the  triatomic  alcohol  series  whose  acids  pos- 
sess the  following  general  formula:  CH, — (CHj)n.^ — (^H), — COOH. 
Oleic  acid  is  the  eighteenth  member  of  the  series  and  has  the  formulse: 
CH3— (CH,),,— (CH),— COOH,  or  C.^U^fi^.  Triolein  has  the  con- 
stitution indicated  in  the  formula: 

[CH,  -  (CH,  u  —  (CH),  —  COO],  •  C,Hs. 

Animal  fat  is  a  mixture  of  tripalmitin,  tristearin,  and  triolein  in 
various  proportions.  Certain  fats  and  oils,  especially  vegetable  oils, 
have  various  other  members  of  the  fatty  acid  or  oleic  acid  series. 

The  task  which  presents  itself  now  is  to  find  the  effect  of  steapsin 
upon  these  compounds.  Let  tripalmitin  be  taken  as  a  type.  Steapsin 
brings  about  a  hydrolytic  cleavage  of  the  molecule  into  its  con- 
stituents : 

[CH3  —  (CH,)h  —  C00],C,H5  -f  3H.0  = 
C,H5  •  (OH),  -f  3[CH,  —  (CH,)„  —  COOH.] 

Tripalmitin  -f-  3  yf&ier  =  glycerol  -f  3  palmitic  acid. 

This  hydrolytic  cleavage  of  the  fats  leads  to  an  accumulation  of 
glycerin  and  of  various  fatty  acids  in  the  intestine.  The  presence  of 
the  fatty  acids  induces,  or  facilitates  three  important  changes  in  the 
contents  of  the  small  intestine. 

'  (a)  Emolsification. — Oil  is  emulsified  when  it  is  separated  into 
minute  globules  which  are  suspended  in  the  medium  and  remain 
separate.  If  the  globules  remain  separate  indefinitely  showing  no 
tendency  to  coalesce  the  emulsion  is  said  to  l)e  'permanent;  while 
in  a  temporary  emulsion  the  oil  globules  gradually  coalesc*e  and  rise 
to  the  top  of  the  medium.  Emulsions  may  be  classified  also  on  the 
basis  of  their  formation,  whether  mechanical  or  chemical.  If  an  oil 
l)e  vigorously  shaken  with  a  viscous  menstruum,  such  as  egg  albumen, 
or  a  gum  or  sugar  syrup,  the  division  of  the  oil  may  be  as  fine  and 
the  persistence  of  the  emulsion  as  permanent  as  in  the  case  of  a 
chemical  emulsion.  The  success  of  this  mechanical  emulsion  will 
depend  largely  upon  the  vigor  and  the  time  of  the  mechanical  agita- 
tion. A  chemical,  also  called  spontaneous,  emulsion  is  produced  when 
the  conditions  are  favorable  for  the  formation  of  soaps  in  the  fat. 
Under  these  conditions  a  fat  or  oil  will  very  soon  be  transformed  into  a 
permanent  emulsion  without  the  help  of  shaking,  without  mechanical 
aid,  though  the  process  is  hurried  if  the  materials  are  shaken  or  stirred. 
Both  fatty  acids  and  alkalies  are  present;  soap  is  formed  and  the 
contents  of  the  small  intestine  are  mixed  by  the  peristaltic  action  of 
the  intestinal  walls.  The  conditions  are  thus  favorable  for  both 
chemical  and  mechanical  action. 

{h)  Saponification. — As  has  already  been  stated,  the  conditions 
favorable  to  the  fonnation  of  soap  exist  in  the  small  intestine.  The 
pancreatic  secretion,  the  bile,  and  the  succus  entericus  all  contain 
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Xa,CO,.    When  a  fatty  acid  and  NajCOj  come  together,  a  sodium 
soap  b  instantly  formed: 

2CHs(CH,)uCOOH  -f  Na,CO,  =  H,0  +  CO,  +  2CH,(CH,)i,C00Na. 
2  Palmitic  acid  +  sodium  carbonate  =  HjO  +  CO,  +  2  soap. 

(c)  Baaetion. — ^The  influence  of  steapsin  upon  the  reaction  in  the 
small  intestine  has  only  recently  come  to  the  attention  of  physiol- 
ogists. As  stated  above,  the  first  effect  of  the  alkaline  secretions  of 
the  small  intestine  is  to  neutralize  all  the  free  acid  of  the  chyme,  and 
to  make  the  contents  of  the  small  intestine  alkaline.  The  effect  of 
the  enzyme  is  to  liberate  from  the  fats  a  series  of  fatty  acids.  These 
acids,  though  weak,  suffice  to  give  the  contents  of  the  small  intestine 
an  acid  reaction.  But,  what  is  of  very  great  importance  to  the 
organism,  these  particular  acids  do  not  interfere  with  the  digestive 
processes  going  on  in  the  small  intestine. 

Pancreatic  juice  or  an  aqueous  extract  of  fresh  pancreas  has  the 
power  to  curdle  milk.  That  the  pancreatic  juice  has  the  opportunity 
to  curdle  milk,  even  when  a  full  meal  is  made  of  that  food,  is  hardly 
likely. 

b.  The  Action  of  the  Bile. 

Thb  secretion  contains  no  enzyme.  Its  action  is,  however,  very 
important  when  taken  in  connection  with  the  action  of  the  fat- 
splitting  enzyme  of  the  pancreatic  juice.  The  glycerin  liberated  by 
the  hydrolytic  cleavage  of  the  fats  is  soluble  in  water  and  is  probably 
al)sorbed  readily  as  glycerin;  the  fatty  acids  liberated  in  the  process 
are  insoluble  in  water  and  have  a  melting  point  considerably  above 
the  temperature  of  the  blood  (palmitin  at  62^  C,  stearin  69°  C).  If 
they  are  not  dissolved  they  would  pass  through  the  alimentary  canal 
unabsorbed.  A  part  of  the  fatty  acids  is  combined  as  soap,  which 
is  soluble.  Of  the  Na^COj  required  for  this  process  the  bile  furnishes 
much  the  greater  part.  Any  fatty  acid  not  combined  in  soap  is 
dissolved  in  the  glycocholates  of  sodium  and  of  potassium.  When 
the  bile  secretion  is  diverted  from  the  alimentary  canal  through  a 
fistula  a  large  part  of  the  ingested  fat  ^  to  ^  appears  in  the  feces  as 
fatty  acids.  Munk^  found  that  the  absorption  of  fats  of  high  melting 
point  suffered  more  than  that  of  fats  of  low  melting  point.  Now, 
the  fats  of  high  melting  point  contain  a  preponderance  of  stearin, 
whose  acid  (stearic  acid)  has  a  high  melting  point  (69°  C),  and  thus 
resists  other  intestinal  solvents  of  fatty  acids. 

Another  most  important  property  of  the  bile  salts  is  their  ability 
to  dissolve  the  soaps  of  the  alkaline  earths.  Most  drinking-water 
contains  caldmn  and  magnesium  salts  in  solution.  These  salts 
combine  at  once  with  fatty  acids  to  make  calcium  or  magnesium 
soaps,  or  they  displace  Na  from  the  soluble  soaps  already  formed. 

>  Vlrchow's  ArchlT,  1890,  Bd.  czxii.,  S.  802;  quoted  flrom  Moore. 
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These  soaps  of  Ca  and  Mg  are  insoluble  in  water,  and  but  for  the 
presence  of  glyeocholate  of  Na  and  K  would  pass  out  of  the  alimentary 
canal  unabsorbed.^ 

One  of  the  most  important  services  which  the  bile  renders  is 
to  accentuate  the  action  of  the  pancreatic  enzymes, 

"We  shall  see  that  in  the  favoring  action  of  the  bile  upon  the 
ferments  of  pancreatic  juice  we  have  discovered  the  main  feature 
of  its  digestive  importance.  Numerous  experiments  on  dogs,  system- 
atically carried  out,  have  shown  us  that  when  a  definite  quantity  of 
bile,  which  varies  for  the  different  ferments,  is  added  to  pancreatic 
juice,  it  produces  a  constant  and  decided  accentuation  of  the  acti\'ity 
of  its  enzymes.  The  effect  was  most  pronounced  on  the  fat-splitting 
ferment,  the  action  of  which  was  increased  twofold  or  threefold,  less 
on  the  other  two,  which  were  only  increased  about  twofold/" 

"When  we  link  all  these  facts  together  we  may  with  certwnty 
conclude  that  the  chief  duty  of  the  bile  is  to  facilitate  the  transition 
from  gastric  to  intestinal  digestion.  It  arrests  the  action  of  the 
pepsin,  which  is  injurious  to  the  ferments  of  the  pancreatic  juice,  and 
favors  the  ferments  of  the  latter,  in  particular  the  fat-splitting  ferment" 
[p.  158]. 

One  may  summarize  as  follows  the  action  of  the  bile  in  the  digestive 
process : 

(a)  //  assists  in  the  emidsification  of  fais, 

(b)  It  assists  in  the  saponification  of  fais. 

(c)  Its  glycocholates  and  taurocholates  assist  in  the  solution  of 
fatty  acids. 

(d)  Its  salts  in  solution  dissolve  the  soaps  of  the  alkaline  earths 
(Ca,  Sr,  Mg,  Ba),  which  are  insoluble  in  water. 

(e)  It  acts  a,s  a  "natural  laxative"  through  lubrication  of  the  feces. 
(/)  It  diminishes  putrefaction  in  the  large  intestine,  not  by  any 

antiseptic  action,  but  by  some  other  obscure  influence. 

((j)  It  reinforces  and  accentuates  the  action  of  the  pancreaiic  enzymes, 

c.  The  Action  of  Succus  Entericus. 

Reference  has  already  Ix^en  made  to  the  fact  that  the  Na^CO,, 
which  makes  0.25  per  cent,  to  0.5  per  cent,  of  the  intestinal  juice, 
assists  the  pancreatic  juice  and  bile  in  the  emulsification  and  sapon- 
ification of  fats. 

1.  Invertin. — One  of  the  enzjTnes  of  the  intestinal  juice  is  the 
inverting  enzyme,  invertin,  '^Hiis  enzvme  acts  upon  disaccharides, 
and  through  hydrolytic  cleavage  resolves  them  into  two  co-ordinate 
monosaccharide  niolecul(\s.  ^I'he  amylolytic  enzymes  of  the  saliva 
and  pancreatic  juice  change  starch  to  maltose,  a  disaccharide.    The 

1  Neumleater,  Lehrbuch  der  phyBiol.  Cheraie,  Jena,  1893.  i  FlRWlow»  p.  167. 
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sugar  of  milk  is  lactose,  a  clisaccharide.  All  of  these  disaccharides 
possess  the  quantitative  formula  C^^J^^^. 

Experiment  has  determined  that  none  of  these  disaccharides  appear 
in  the  blood.  Only  monosaccharides  appear  in  the  blood.  The 
change  from  disaccharides  to  monosaccharides  must  take  place  before 
the  sugar  is  discharged  into  the  portal  blood.  The  intestinal  canal 
possesses  in  the  invertin  an  enzyme  capable  of  inducing  the  required 
changes : 

(I)  Maltose  +  H,0  -f  invertin  =  invertin  -f  2  dextrose. 
C„H«()„  +  H,0  =  2C,H„(),. 

(II)  Lactose  -f  water  +  invertin  =  invertin  +  dextrose  -f  galactose. 
C,,H„0„  -f  H,0  =    C,H„(),  +  C',H„C),. 

(Ill)  Saccharose  +  water  +  invertin  =  invertin  +  dextrose  +  levulose. 

2.  Enterokinase,  a  Ferment  of  Ferments. — When  this  enzyme  is 

added  to  pancreatic  juice  it  doubles  the  activity  of  the  amylopsin  and 
steapsin  and  trebles  (or  more)  the  activity  of  the  trypsin. 

"'ITie  succus  entericus  possesses  the  striking  capability  of  aug- 
menting the  activity  of  the  pancreatic  ferments,  and  more  especially 
the  proteolytic.  In  the  case  of  the  latter,  the  increase  often  reaches  an 
astonishing  degree.  He  who  has  once  convinced  himself  of  this  by 
experiment  will  never  doubt  for  a  moment  that  this  accentuating 
influenc*e  is  the  most  important  function  of  the  succus  entericus."* 

Enterokinase  is  secreted  under  the  immediate  stimulus  of  food. 
A  remarkable  adaptation  to  dietetic  conditions  is  thus  possible. 

The  proteolytic  enzyme  is  secreted  in  the  form  of  the  zymogen — 
Irypsinogen.  The  active  trypsin  would  digest  the  other  enzymes 
within  the  ducts  of  the  pancreas  if  they  were  not  thus  protected. 
The  first  work  of  the  enterokinase  is  to  change  iryfsinogen  to  trypsin. 
In  the  lumen  of  the  duodenum  the  trypsin  attacks  food  proteins  and 
the  other  enzymes  are  not  injured. 

.  .  3.  FACTORS  WEIGH  INFLUENCE  INTESTINAL  DIGESTION. 

Such  factors  as  cooking,  mastication,  and  temperature  have  little 
direct  influence  upon  intestinal  digestion.  Even  the  indirect  influence 
is  slight,  because  the  pancreatic  juice  can  dig(\st  raw  starch;  the 
.stomach  retains  the  food  until  the  imperfections  of  mastication  are 
largely  c*orrecte<l;  and  its  sojourn  in  the  stomach  certainly  gives  it 
the  temperature  of  the  IkmIv.  '^riiere  an*  two  im|K)rtant  factors  yet 
to  consider: 

a.  The  Influence  of  Bacteria  upon  Intestinal  Digestion. 

"The  food  in  the  alimentary  canal  is  acted  u|X)n,  not  only  by 
the  digestive  secretions  and  their  enzjmes,  but  to  a  greater  or  less 

1  Paw  low,  p.  169. 
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extent  by  certain  bacteria,  which  are  never  entirely  absent,  altbou^ 
the  amount  of  their  action  varies  greatly  under  healthy  conditions, 
with  the  nature  of  the  food,  and  the  class  of  the  animal.  Under 
abnormal  conditions  the  growth  of  these  organisms  may  be  greatly 
increased,  and  nutrition  be  seriously  impaired  by  the  turning  to  their 
own  uses  the  products  of  normal  digestion,  and  leaving,  for  the  service 
of  the  animal,  only  degradation  products  inadequate  or  wholly 
unsuited  for  the  purposes  of  its  metabolism."    (Moore.) 

The  effect  of  cooking  and  of  the  HCl  of  the  gastric  digestion  is 
to  practically  free  the  chyme  which  enters  the  duodenum  of  all  or 
nearly  all  bacterial  life.  We  may  look  upon  the  bacteria  of  the 
intestinal  tract  as  parasites  introduced  with  the  food  and  thriving 
only  moderately  when  all  of  the  conditions  are  normal.  When 
the  digestion  is  deranged  the  conditions  may  be  favorable  to  the 
excessive  development  of  various  bacteria  (organized  ferments) 
whose  food  is  robbed  from  the  host  and  whose  excreta  may  be 
extremely  deleterious  to  the  host.  It  has  been  contended  that  these 
parasites  are  *' beneficial:"  a  similar  contention  might  be  made  in 
behalf  of  certain  vermin  (!)    Parasitism  is  not  beneficial  to  the  host, 

Nuttall  and  Thierfelder^  have  demonstrated  that  young  animals 
with  sterile  alimentary  tract,  sterile  air,  and  sterile  food  grow  just 
as  well  as  the  control  animals  under  the  usual  conditions.  Tliis 
applies  as  well  for  vegetable  foods  as  for  animal  foods.  Animals 
live  and  thrive  in  spite  of  their  bacterial  parasites,  and  not  because  of 
them. 

The  action  of  bacteria  may  be  discussed  in  its  relation  to  different 
parts  of  the  alimentary  tract,  and  in  its  relation  to  different  foodstuffs. 

1 .  The  Action  of  Bacteria  in  Different  Parts  of  the  Alimentary 
Canal. — (a)  Bacteria  of  the  Mouth  have  no  influenc-e  upon  intestinal 
digestion,  though  they  may  menace  the  teeth  of  the  animal. 

(b)  Bacteria  of  the  Stomach  are  introduced  with  the  food  and, 
as  mentioned  alx)ve,  are  usually  destroyed  by  the  HCl  when  that 
acid  is  sufficiently  strong  (0.2  per  cent,  to  0.3  per  cent.).  \Mien 
the  HCl  is  very  weak,  much"]delayed^n  secretion,  or  wholly  absent, 
the  development  of  bacterium  lactis  and  various  fermentive  and 
putrefactive  forms  is  favored.  In  the  case  of  B.  lactis  one  might 
make  an  exception  to  the  statement  made  above  that  bacteria  and 
their  excreta  are  not  beneficial.  Peptic  digestion  can  only  proceed 
in  the  presence  of  an  acid.  Lactic  acid  can  take  the  place  of  HCl 
in  forming  acid  albumin  or  syntonin.  In  the  absence  of  HCl  lactic 
acid,  the  excreta  of  B.  lactis  may  be  advantageous  to  the  system. 

(c)  Bacteria  of  the  Small  Intestine. — l^he  acid  reaction  of  the 
chyme  representing  free  1 1  CI  and  acid  albumin  is  neutralized  and 
replaced  with  an  acid  reaction  due  to  the  accumulation  of  organic 

1  ZelUch.  f.  physiol.  Chemie,  1895,  Bd.  xxi.,  S.  109. 
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acids.  At  first  these  organic  acids  are  fatty  acids  released  by  steapsin 
from  neutral  fats;  these  are,  however,  absorbed  as  absorption  pro- 
gresses; the  acid  reaction  arising  from  this  source  will  tend  to  decrease. 
But  it  has  been  observed*  that  the  acid  reaction  usually  found  at  the 
lower  end  of  the  ileum  in  man  is  due  principally  to  acetic  acid,  with 
only  traces  of  fatty  and  other  acids.  It  seems  likely  that,  in  the 
small  intestine,  the  acidity  due  to  fatty  acids  is  replaced  from  above 
downward  by  acidity  due  to  fermentation  of  carbohydrates.  Moore 
and  Rockwood,'  in  a  very  extended  and  recent  series  of  observations 
upon  the  dog,  cat,  white  rat,  guinea-pig  and  rabbit,  conclude:  (i) 
"The  reaction  is  not  normally  acid  throughout  the  entire  length  of 
the  small  intestine,  and  the  alkalinity  increases  in  passing  down  the 
intestine."  (ii)  '*The  presence  of  fat  in  the  food  causes  in  carnivora 
an  acid  reaction  which  persists  until  the  lower  third  of  the  intestine 
is  reached."  (iii)  "The  alkalinity  is  much  greater  in  herbivora  than 
in  carnivora;  .  .  .  also,  in  carnivora  the  alkalinity  is  markedly 
increased  by  carbohydrate  food."  (iv)  **It  is  probable  that  in  the 
animab  observed  any  extensive  bacterial  decomposition  of  carbo- 
hydrates that  may  occur  takes  place  in  the  large  intestine." 

(d)  Bacteria  of  the  Large  Intestine. — In  this  segment  of  the  ali- 
mentary canal  the  reaction  is  conceded  by  all  to  l)e  alkaline,  due  to 
the  neutralization  of  any  acid  entering  the  caecum  by  the  distinctly 
alkaline  secretions  of  the  mucous  membrane.  In  the  large  intestine 
profound  changes  take  place  under  the  influence  of  putrefactive 
bacteria.  The  proteins  are  especially  attacked  in  this  segment  of 
the  canal,  the  acid  reaction  of  the  small  intestine  protecting  them 
normally  from  putrefactive  changes  in  that  portion  of  the  canal. 

2.  The  Action  of  Bacteria  in  Relation  to  Different  Food- 
stuffs.— (a)  Bacterial  Action  on  Carbohydrates  consists  (i)  in  the 
fermentation  of  the  sugars  with  the  formation  of  ethyl  alcohol, 
acetic,  lactic,  butyric,  and  succinic  acids,  with  the  lil)eration  of 
CO,  and  H;  (ii)  in  the  decomposition  of  cellulose  with  the  formation 
of  marsh  gas  (CH)^  and  CO^;  (in)  in  the  decomposition  of  starch 
with  products  similar  to  (i).  The  fermentation  and  decomposition 
of  carbohydrates  begins  in  the  small  intestine  and  progresses  with 
increasing  activity  through  the  ctetnmi,  then  with  decreasing  activity 
to  the  rectum. 

(6)  Bacterial  Action  on  Proteins  seems  to  Ir'  inhibited  by  the 
acid  reaction  of  the  small  intestine.  As  soon  as  the  contents  of 
the  alimentary  tract  l)ecome  alkaline  the  decomposition  of  proteins 
is  facilitated.  Then*  are  two  series  of  products  formed  during  the 
putrefaction  of  proteins  and  the  proteolytes.  The  memlxTs  of  the 
first  series  are  derived  from  tyrosin  in  the  following  manner:' 

1  Macradyen,  Nencki,  Sieber,  Arch.  f.  ezp.  Path.  u.  Pharmacol. 

«  Jour.  Phjrulol.,  1897,  vol.  xxl.  p.  373. 

*  Baumann,  Berichte  d.  deutacbe  chem.  Gesell.,  1879,  Bd.  xil.,  S.  1450. 
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C,H,(  )H  —  CH,-  CHNH,  —  COOH  +  H,  =  NH,  +  C.H^'OH  —  (CH,),  —  COOH . 
Tyrosin  -f  H,  =  NHj  4-  p-oxyphenylpropionic  acid. 

P-oxyphenylpropionic  acid  parts  with  CO,  and  becomes  p-ethyl- 
phenol  (CgH^ .  OH  —  CjHg),  which  has  not,  however,  been  found  in  the 
intestine,  though  it  occurs  in  experiments  in  vitro ;  p-ethylphenol 
next  becomes  oxidized  (  +  30)  to  p-oxyphenylacetic  acid.  This  in 
turn  gives  up  CO,  and  becomes  p-cresol  (p-methylphenol),  which  is 
again  oxidized  to  p-oxybenzoic  acid — not  yet  found  in  the  intestine. 

Oxybenzoic  acid  gives  up  CO,  and  forms  phenol  (QH^OH),  which 
is  usually  joined  to  sulphuric  acid  for  excretion. 

The  second  series  of  products  includes  Indol  and  Skaiol,  or  Methyl- 
indol.  Both  of  these  bodies  are  soluble  in  water,  from  which  solution 
they  crystallize  in  small  scales.  Both  are  in  part  absorbed  and 
in  part  passed  out  with  the  feces.  They  will  be  discussed  under 
Metabolism  and  Excretion.  v^V  .Luo.a-V\.^--c/--v  't  w 

b.  The  Influence  of  Cellulose  upon  Intestinal  Digestion. 

In  the  case  of  herbivora  it  has  been  demonstrated  by  Bunge' 
that  cellulose  is  important,  not  as  a  nutrient,  but  "in  giving  bulk  and 
looseness  to  the  food  and  in  mechanically  inducing  peristalsis  by 
irritation  of  the  mucous  membrane."  To  the  herbivora  it  is  indis- 
pensable; to  omnivora,  like  man,  it  is  advantageous  in  moderate 
quantities;  to  carnivora  it  has  no  advantages.  Herbivora digt*st  60  to 
70  per  cent,  of  it,  man  4  to  60  per  cent,  according  to  the  condition 
of  the  cellulose.  Under  the  influence  of  bacteria  it  is  subjected  to  a 
hydrolytic  cleavage  represented  in  the  following  equation : 


riT 


The  reaction  is  varied  by  the  production  also  of  acetic,  propionic, 
butvric,  and  valerianic  acids. 


4.  THE  REMNANTS  OF  INTESTINAL  DIGESTION. 

The  Feces. 

The  feces  represent  that  part  of  the  contents  of  the  alimentary 
tract  which  is  not  absoilxnl  into  the  circulation.  The  contents 
represent  not  only  the  ingested  food,  but  portions  of  various  secre- 
tions and  of  excretions,  l)esides  bacteria  and  their  excreta,  and 
epithelial  elements  from  the  mucous  membrane.  The  bulk  of  the 
feces  is  modified  by  the  proportion  of  indigestible  material  in  the 
ingesta.      The  feces  of  the  herbivora  are  very  copious,  while  thOwSe 

>  Pbyiiologiscbe  Chcmie.  18!M,  8.  76. 
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of  earnivora  are  comparatively  scanty.  In  man  the  weight  will  vary 
from  170  gms.  to  400  to  500  gms.,  according  to  diet.  The  amount  of 
water  varies  with  the  character  of  the  food  and  with  the  habit  of 
the  animal,  free  and  frequent  passages  having  more  water  than 
those  associated  with  constipation.  The  longer  the  fecal  matter  is 
retained  the  larger  the  proportion  of  water  absorbed  from  it. 
The  composition  of  the  feces  may  be  classified  thus: 

Oasis.    N,  H,  CO,,  HgS.  CH4. 

Liquids.    H^  (68  %  to  82  %  uormally). 

Souos: 

Undiffeatedfood,    Fats,  flra^ments  of  meat,  starch. 

Iitdiyeaiible  maUcr.    Cellulose,  ligaments  ftom  meat,  keratin,  mucin,  gums. 

and  the  resins. 
Bacteria  and  Products  of  their  decomposition  of  foods :  Lower  fatty  acids, 

lactic  acid,  tyrosin  and  its  decomposition  products,  phenoL 
Soapi  of  Ca  and  Mg. 

Bile  residues.    Mucus,  cholesterin,  biliary  acids,  stercobilin. 
Bxeretin.    CrgHiMSOs. 

Inorganic  salts.    Soluble  salts  of  Na,  K.,  Mg,  etc. 
Insoluble  salts  of  Ca.  Mg,  Fe,  etc. 


5.  THE  MOVEMENTS  OF  THE  INTESTINES.      \ 

The  movements  of  the  intestines  are  together  called  peristalsis. 
Peristalsis  consists  of  a  progressive  wave  of  contraction  which  usually 
passes  from  above  downwarcF.  This  wave  of  contraction  involves 
especially  the  circular  fibres,  whose  progressive  contraction  has  the 
mechanical  effect  of  sliding  a  small  ring  along  the  gut  contracting 
the  lumen  upon  the  contents.  Accompanying  the  contraction  of  the 
circular  fibres  and  just  preceding  it  is  a  contraction  of  the  longitudinal 
fibres.  This  combined  vermicular  peristalsis  is  very  effective  in 
pushing  oil  the  contents  of  the  canal. 

The  peristalsis  of  the  intestinal  tract  is  stimulated  by  the  presence 
of  food  in  general;  but  it  is  especially  stimulated  by  the  presence  of 
such  sharp  pieces  of  cellulose  as  occur  in  coarse  meals  of  the  cereals. 
ITie  vagus  seems  to  be  the  efferent  nerve.  Section  of  the  vagus 
causes  cessation  of  all  reflex  peristalsis.  Section  of  the  splanchnics 
causes  vasodilatation  with  profuse  secretion  of  the  succus  entericus. 
^  Tlie  opening  of  the  pylorus  is  governed  by  the  duodenal  mucous 
membrane,  apart  altogether  from  the  fulness  of  either  stomach  or 
duodenum.  The  efficient  stimulus  is  the  reaction  of  the  upper 
duodenum:  if  this  is  acid  in  reaction  the  pylorus  closes;  if  it  is 
alkaline,  the  pylorus  opens. 

So  when  the  acid  contents  of  stomach  are  allowed  to  pass  into  the 
duodenum  the  pylorus  closes  and  holds  back  the  acid  flood,  while 
the  presence  of  acid  in  the  duodenum  stimulates  and  increases  the 
secretion  of  pancreatic  juice,  which  in  turn  neutralizes  the  contents 
of  the  duodenum;  then  the  pylorus  opens  and  allows  a  fresh  lot  of 
acid  chyme  to  pass  through. 
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6.  DEFEOATIOH. 


\  ^i 


Ingestion  begins  with  a  voluntary  act  and  is  consummated  with 
an  involuntary  act.  Egestion  or  defecation  begins  with  an  involuntary 
and  is  consummated  with  a  voluntary  act. 

As  the  food  approaches  the  rectum  it  gradually  loses  water  and 
greater  force  is  required  to  move  it  along  the  canal :  accordingly  the 
circular  muscular  coat  is  thicker  in  the  lower  end  of  the  canal,  reacluDg 
a  maximum  in  the  external  sphincter  of  the  anus. 

The  slow  contractions  of  these  muscles  gradually  advance  the 
feces  to  the  rectum,  where  their  accumulation  periodically  stimulates 
a  strong  expulsatory  contraction  of  the  circular  muscle  fibres  of  that 
viscus.  This,  though  purely  involuntary,  is  not  outside  the  conscious- 
ness of  the  individual.  Tlie  final  conscious  act  consists  in  voluntarily 
inhibiting  or  suspending  the  tonic  contraction  of  the  external  sphincter. 
In  the  absolutely  typical  and  normal  condition  the  contraction  of  the 
walls  of  the  rectum  suffices  to  rid  it  of  the  accumulated  feces.  Fre- 
quently the  force  of  these  muscles  must  be  supplemented.  This  is 
accomplished  by  a  voluntary  contraction  of  the  abdominal  muscles, 
which  causes  a  high  pressure  within  the  abdominal  cavity,  the  intra- 
venous pressure  in  the  hemorrhoidal  veins  ispositive,  and  there  is  a 
tendency  for  these  veins  to  become  permanently  distended,  causing 
hemorrhoids. 


PATHOLOGIC   PHYSIOLOGY  OF   DIGESTION. 

A.    SALIVART  DIGESTION. 
1.  THE  SECRETION. 

a.  Increased  Secretion. 

Through  various  influences  the  secretion  of  the  salivary  glands  may 
be  increased,  not  only  during  the  process  of  mastication,  but  during 
periods  when  no  food  is  taken.  It  is  especially  in  the  latter  instance 
that  the  harmonious  co-ordination  of  glandular  activity  in  the  digestive 
act  is  disturbed  and  ill  effects  result. 

1.  The  Causes. — '^I'he  causes  of  such  overactivity  may  be  classed 
as  those  acting  (a)  locally — i.  c,  directly  upon  the  gland  tissue  or 
nervous  mechanism:  Of  these  the  most  important  are:  (i)  Certain 
sialagogues  like  pilocarpine,  physostigmine,  mercury,  and  potassium 
iodide.  In  mercurialism  the  stomatitis  produced  by  the  mercurial 
compounds  secreted  in  the  saliva  no  doubt  also  augments  the  gland- 
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ular  activity  in  a  reflex  manner.  (ii)  Certain  products  of 
metabolism  isolated  by  Bouchard*  from  the  alcoholic  extract  of 
the  dry  urinary  residue  are  doubtless  the  cause  of  the  salivation 
in  uraemia,  as  observed  by  A.  Robin'  and  others. 

(ji)  Reflexly. — (i)  Not  alone  may  the  origin  of  such  impulses  find 
their  cause  located  in  the  oral  cavity,  as  a  stomatitis,  glossitis,  gingi- 
vitis, or  more  direct  irritants  like  a  trauma,  dental  eruption,  regur- 
gitated gastric  contents,  acids,  ether  vapors,  and  tobacco  smoke,  but 
(ii)  may  be  seated  in  more  distant  viscera,  like  a  pregnant  uterus, 
an  inflamed  pancreas,  or  an  ulcerated  stomach,  and  even  in  the 
peripheral  nerves  of  the  cutaneous  expanse,  as  in  some  cases  of 
trifacial  neuralgia.  •  lytvvv-^^^ 

{x)  Central.— Morbid  cerebral  impulses  are  often  the  only  cause 
for  the  salivation  sometimes  observed  in  cases  of  hysteria  and  neuras- 
thenia and  irritative  nuclear  phenomena  are  probably  the  explana- 
tion for  the  ptyalism  in  bulbar  paralysis  and  rabies. 

2.  Effects. — ^The  Effects  of  Hypersection  manifest  themselves 

^  (a)  Locally — i.  c,  in  the  oral  cavity,  where  accumulations  of  watery 

.'  saliva  give  rise  to  a  constant  feeling  gf  discomfort,  which  becomes  most 

/  troublesome  when  attempting  to  speak,  necessitating  frequent  acts  of 

swallowing  or  expectoration.     If  the  mouth  muscles  are  paralyzed, 

as  in  bulbar  paralysis  and    facial  palsy,  or  the  reflex  mechanism 

of  deglutition  is  interfered  with,  as  in  comatose  states,  the  saliva 

flows  continuously  from  the  mouth,  and  constitutes  what  is  known 

as  ptyalism. 

(Ji)  On  Digestion. — (i)  ScUivary  digestion  may  be  disturbed  in  the 
stomach  on  account  of  the  great  dilution  from  the  admixture  of 
mucus,  and  sometimes  the  total  amount  of  ptyalin  poured  out  upon 
the  amylaceous  food  may  actually  be  diminished,  (ii)  Gastric 
digestion  is  effected  in  various  ways.  The  diminution  of  the  appetite 
usually  present  leads  to  a  diminished  secretion  of  gastric  juice. 
ITie  large  volume  of  aqueous  saliva  dilutes  the  small  quantity  of 
gastric  juice  finally  secreted.  The  alkali  contained  in  the  saliva 
continually  poured  into  the  stomach  neutralizes  the  HCl.  The 
mucus  introduced  impedes  mechanically  the  processes  of  peptic 
digestion.  Substances  sometimes  excreted  in  the  saliva  act  as 
irritants  for  the  gastric  mucosa.  The  bacteria  often  present  in  the 
mouth  infect  the  gastric  contents. 

(y)  Systemic  Effects  most  often  observed  in  prolonged  salivation 
result  from  the  disturbances  of  digestion;  the  constant  feeling  of 
discomfort  often  resulting  in  loss  of  rest  and  sleep;  the  loss  of  water 
by  the  mouth,  which  in  extreme  castas  may  amount  to  several  litres, 
but  above  all  to  the  underlying  pathologic  causes. 
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b.  Diminished  Secretion. 

1.  Causes. — In  various  ways  the  secretion  of  saliva  may  be  dimin- 
ished— viz. :  (a)  Alterations  in  the  Gland  Substance  are  rarely 
the  cause  of  a  complete  suppression  of  secretion,  unless  this  phe- 
nomena in  febrile  disturbances  is  sometimes  due  to  such  alterations. 
The  function  of  gland  parenchyma  destroyed  by  inflammatory  or  neo- 
plastic processes  is  soon  vicariously  assumed  by  the  remaining  glands. 

{fi)  Loss  OF  Body  Fluids,  and  associated  blood  concentration, 
such  as  is  observed  in  severe  diarrhoea  and  dysentery,  cholera, 
diabetes,  and  chronic  nephritis,  lead  not  only  to  a  diminution  of  the 
salivary  secretion,  but  to  a  concentration  of  all  other  glandular 
products. 

A  similar  phenomenon  is  observed  in  fevers,  and  can  partially  be 
attributed  to  the  loss  of  water  by  other  channels,  as  the  lungs,  owing 
to  more  frequent  respirations  and  greater  heat  of  the  expired  air,  and 
through  the  skin  by  augmented  perspiration. 

{y)  Disturbances  in  the  Nervous  Mechanism  at  various  parts 
doubtless  frequently  play  a  role  jn  reduced  activity  of  the  salivary 
glands,  (i)  The  paralytic  effect  of  the  atropine  series  of  alkaloids  on  the 
peripheral  endings  of  the  chorda  tympani  is  a  well-established  phar- 
macologic fact;  (ii)  that  lesions  of  the  chorda  result  in  a  similar  eflFect 
is  substantiated  by  clinical  evidences,  and  (iii)  it  seems  reasonable 
to  presume  that  the  sympathetic  supply  is  subjected  to  the  same 
vasomotor  impulses  which  underiie  the  general  fall  of  blood  pressure 
in  such  diseases  as  shock,  Addison's  disease,  or  even  prolonged 
febrile  disorders,  (iv)  Central  involvement  is  suggested  by  Hadden' 
to  be  the  cause  of  xerostomia  (dry  mouth)  in  that  condition  first 
described  by  Jonathan  Hutchinson. 

{d)  Duct  Obstruction,  resulting  either  from  compression,  stric- 
ture, or  calculus,  may  rarely  be  the  cause  of  suppression  from  a  single 
gland,  and  often  irritations  thus  produced  reflexly  bring  about  over- 
activity in  the  remaining  glands. 

2.  Effects. — ^^riie  effects  of  diminished  salivary  secretion  are  noted: 
{a)  Ia)cally,  where  they  result  in  desiccation  of  the  oral  mucous 
membrane. 

The  thirst  usually  experienced  by  fever  patients  can  in  part  be 
attril)ute(l  to  this  result;  hence,  it  is  often  greatly  moderated  by 
keeping  the  mouth  moist,  as  by  sucking  a  piece  of  ice.  The  appear- 
ance of  the  tongue,  often  glazed,  coated,  and  fissured,  which  in  some 
febrile  disorders  constitutes  an  important  part  in  the  clinical  picture, 
is  also  chiefly  dependent  on  the  deficiency  of  moisture. 

(fi)  DiGKSTiVK  Disturbaxcks. — Deficient  in  salivatiou  results  in 
ilifficult  mastication,  with  a  failure  to  convert  the  particles  of  food 
into  a  soft  pulp,  and  trouble  in  swallowing  lx*cause  without  suflBcient 
flow  of  water  clearing  of    the  throat  becomes  impossible,  and  the 
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passage  of  the  bolus  through  the  pharynx  and  oesophagus  is  difficult 
and  painful. 

The  action  of  the  amylolytic  enzyme  is  impeded  by  deficient 
admixture  with  water;  hence  salivary  digestion  rarely  begins  in  the 
mouth,  and,  because  of  the  diminished  quantity  of  ferment  secreted, 
cannot  be  very  active  in  the  stomach. 

Gastric  digestion  is  effected  by  the  loss  of  appetite  and  perver- 
sion of  taste  which  accompanies  excessive  dryness  of  the  mouth; 
also  by  the  insufficient  mastication  and  lx)lting  of  the  food. 

ij)  Systemic  Effects  are  not  due  to  derangements  of  salivary 
digestion,  but  are  dependent  chiefly  on  the  pathologic  cause  under- 
lying the  perversion  in  secretion,  as  is  noted  in  typhoid  fever;  where 
desiccation  of  the  mouth  occurs  as  soon  as  unconsciousness  results. 

ITie  constant  thirst,  anorexia,  and  resultant  gastric  disturbances 
doubtless  are  an  important  factor  in  producing  malnutrition  in 
these  cases. 

c.  Abnormal  Composition. 

Due  to  the  constant  admixture  with  buccal  secretion,  it  becomes 
possible  only  to  study  the  mixed  saliva. 

1.  Reaction. — ^The  reaction  is  frequently  altered.  Sometimes  by 
products  of  bacterial  multiplication  in  the  mouth.  Such  a  hyper- 
acidity leads  not  only  to  irritation  of  the  oral  mucosa  and  its  conse- 
quences, but  when  more  concentrated  and  circumscribed  in  its  action 
becomes  the  underlying  cause  of  dental  caries.  More  often  the  acid 
reaction  is  due  to  acid  phosphates  secreted  by  the  glands.  This  is 
observed  in  many  cases  of  dial)etes  mellitus,  and  occasionally  in  other 
constitutional  disorders.  The  following  observations  were  recently 
reported  by  Stern  and  I^ederer:*  Of  20  cases  of  acute  gastritis, 
4()  per  cent,  showed  acid  reaction;  182  cases  of  hyperchlorhydria, 
39  per  cent. ;  and  of  23  cases  of  hypochlorhydria,  9  per  cent,  showed 
similar  reactions.  Often  in  these  cases  the  reaction  was  found  to  be 
amphoteric,  and  frequently  the  acid  reaction  was  due  to  lactic  acid. 
That  the  alkalinity  is  constantly  increased  in  some  individuals  is 
demonstrated  by  the  persistent  tendency  to  deposit  earthy  phosphates 
in  the  form  of  tartar  on  the  teeth  and  that  the  same  reaction  is  at 
times  constantly  present  in  the  unmixed  salivary  secretion  becomes 
evident  from  a  case  of  salivary  duct  calculus  recently  carefully 
studied  by  Roberg. 

The  relationship  of  phosphatic  deposits  on  the  teeth  in  pernicious 
anaemia  and  altered  reaction  of  the  salivary  secretions  remains  to  be 
demonstrated. 

From  recent  studies  by  Michaels,*  Kirk,"  and  Kyle,^  it  seems  that 
alterations  in  reaction  of  the  oral  and  nasal  secretions  are  a  factor 
in  the  production  of  the  symptoms  of  hay  fever,  an  excess  of  fixed 
alkali  leading  to  the  liberation  of  NH,,  on  the  surface  of  the  mucous 
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membrane,  from  an  excess  of  ammonia  salts  contained  in  the  secre- 
tions of  these  individuals;  while  free  acids  result  in  the  separation  of 
the  SCN  radical  from  its  K  combination.  These  radicals  Uberated 
give  rise  to  irritative  phenomena  in  loco, 

2.  Ptyalin. — ^The  amylolj^c  enzyme  may  be  greatly  diminished  in 
a  measured  quantity  of  salivary  secretion,  while  the  total  amount 
secreted  in  twenty-four  hours  may  even  be  actually  increased.  The 
saliva  in  many  cases  of  ptyalism  having  the  same  character  as  that 
produced  by  stimulation  of  the  chorda  tympani,  becomes  poorer  in 
solid  constituents  the  longer  stimulation  lasts.  An  actual  diminution 
of  this  ferment  is  associated  most  frequently  with  reductions  in  the 
total  salivary  secretion  and  is  most  common  in  febrile  disturbances. 

3.  Mucus. — A  product  of  both  salivary  and  buccal  glandular 
activity  is  thus  increased  most  markedly  in  catarrhal  affections  of  the 
oral  mucosa  and  by  the  action  of  local  irritants,  like  ether  vapors  and 
tobacco  smoke,  whereby  local  and  reflex  influences  the  mucous 
glands  are  stimulated,  and  the  surface  epithelium  undergoes  mucoid 
degeneration  and  desquamation.  It  is  in  this  way  that  epithelial  cells 
become  a  constant  admixture  of  such  secretions. 

Often  large  volumes  of  mucus  enter  the  mouth  from  adjoining 
cavities,  such  as  the  pharynx,  trachea,  and  nares. 

Although  the  sublingual  gland  is  a  mucous  gland  it  is  extremely  rare 
for  increased  amounts  of  mucus  to  be  the  product  of  this  organ, 
because  the  abnormal  stimuli  give  rise  to  a  secretion  poorer  in  solid 
constituents;  and  even  if  rarely  the  amount  of  mucus  should  be 
increased  it  would  be  greatly  diluted  by  the  watery  secretions  poured 
out  by  the  other  salivary  glands  acting  simultaneously. 

4.  Abnormal  Constituents. — («)  Substancfs  of  Exogenous 
Origin,  like  ingested  mercury  and  lead  compounds  or  potassium  iodide, 
are  excreted  into  the  mouth,  where  they  once  more  show  their  irritant 
properties,  the  mercury  giving  rise  to  a  severe  form  of  stomatitis 
associated  with  characteristic  faior  ex  ore  and  loosening  of  the  teeth, 
while  the  lead  salts  show  themselves  most  at  the  edges  of  the 
gums,  where  they  come  in  contact  wath  sulphides  liberated  in  decom- 
posing protein  foods  and  are  deposited  in  the  form  of  black-lead 
sulphide.  This  deposit  arranged  in  a  linear  manner  gives  rise  to  the 
well-kno^^^l  Burton's  line  in  these  chronic  intoxications. 

The  potassium  iodide  re-ex(Teted  in  the  saliva  gives  rise  to  a  per- 
sistent unpleasant  taste,  leading  finally  to  perversion  of  appetite 
which  helps  to  aggravate  the  digestive  disturbances  already  inaugu- 
rated. 

(/})  Metabolic  Products  like  urea  have  been  found  in  the  saliva 
in  cases  of  renal  insufficiency;  uric  acid  was  found  in  21  of  59  cases 
of  uricacida*mia  examined  by  Stem  and  I^derer,"  while  glucose  was 
found  in  46  per  cent,  of  181  cases  of  diabetes  mellitus  examined  by 
the  same  observers.    The  normal  saliva  and  buccal  mucus  are  not  bile 
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stained  in  cases  of  icterus,  while  in  diseased  conditions  of  the  glands 
like  mercurial  ptyalisra  the  secretions  assume  an  icteric  hue.  (Rolles- 
ton/) 

(;-)    Potassium  Suiphocyanide. — ^The  absence  of  this  salt  was 

recently  put  forth  by  German  clinicians  as  a  constant  symptom  of 

:  carcinoma  ventriculi,  but  other  clinicians  have  also  found  it  absent  in 

'■■  various  other  gastric  disorders.     Too  little  evidence  is  at  hand  to 

give  a  final  conclusion  on  the  diagnostic  significance  of  this  symptom, 

.or  the  ''Rhodan  Kalium  Reaction."     From  recent  studies  of  hay 

\  fever  it  appears  that  sulphocyanides  are  increased  in  these  patients 

«.nd  liberated  on  the  mucous  membrane  by  acid  action. 

(d)  Toxins. — ^These  are  doubtless  often  present  in  the  mixed 
saliva,  and  the  virus  of  rabies  seems  to  be  most  infectious  when 
contained  in  this  fluid.  The  admixture  of  secretion  from  mucous 
patches  makes  the  mouth  fluid  extremely  virulent  in  syphilis. 

d.  The  Buccal  Fluid. 

1.  Increased. — Because  the  innervation  of  these  glands  is  not  well 
understood,  we  cannot  classify  the  causes  giving  rise  to  perversions 
of  activity  as  to  their  mode  of  action.  Many  irritants  which  result 
in  hypersecretion  on  the  part  of  the  salivary  glands  have  a  similar 
effect  upon  the  mucous  glands,  and  the  salivation  produced  is  a 
result  of  the  combined  glandular  activity. 

Local  irritants  are,  however,  most  effective  in  stimulating  the 
mucous  glands,  as  is  seen  in  the  various  forms  of  stomatitis.  Here 
the  products  of  bacterial  activity,  as  the  abundant  acids  produced 
by  oidium  albicans,  the  acids  resulting  from  saprophytic  multi- 
plication in  retained  food  morsels,  and  toxins  formed  by  pathogenic 
organisms,  play  an  important  part.  Many  chemicals  stimulate  these 
glands.  The  more  specific  inflammatory  processes  like  ulcerative 
or  gangrenous  stomatitis,  glossitis,  and  the  gingivitis  seen  in  scurvy 
or  following  the  mechanical  action  of  deposited  tartar  on  the  teeth 
all  reflexly  lead  to  a  hypersecretion  of  mucus. 

2.  Diminished. — A  suppression  of  buccal  secretion  is  present  in 
most  cases  where  the  saUva  is  diminished,  but  is  most  evident  in 
prolonged  fevers,  like  typhoid,  where  extreme  dryness  of  the  entire 
mouth  prevails. 

ITiat  the  innervation  of  the  glands  corresponds  with  that  of  the 
salivary  glands,  at  least  in  part,  is  demonstrated  by  the  dry  mouth 
in  atropine  poisoning. 

Duct  obstruction  leads  sometimes  to  cystic  dilatation  of  one  or 
more  of  these  glands,  and  if  such  a  dilated  gland  is  located  near  the 
frasnum  linguae  it  gives  rise  to  one  of  the  clinical  forms  of  ranula. 
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2.  MOTOR  DISTUKBAHOES. 


a.  llasticatioiL 


Vv 


1.  The  Causes,     (a)  Mechanical   Defects. — ^These  may,     ^ 
various  ways,  seriously  impede  mastication. 

f  i)  Absence,  defects,  or  irregularities  of  the  teeth  are  the  commom 
occurrences  in  civilized  man.    (ii)  Defects  in  the  palate  and  chee 
the  result  of  ulcerative  or  carcinomatous  destruction  and  congenita 
anomalies,  as  cleft  palate  and  harelip  are  often  met  with.      (IL 
Fractures  and  dislocations  of  the  maxilla  and  ankylosis  of  the  inferi< 
maxillary  articulation  may  render  mastication  impossible. 

(/i)  Alterations  in  the  Musculature,  leading  to  disturbance^ 
of  mastication,  are  oftenest  found  in  the  tongue  in  the  form  of  diffusa 
inflammatory  changes  (glossitis)  or  carcinomatous  infiltration.     Iim 
noma  sometimes  great  portions  of  the  cheek  muscles  are  destroyed. 

(f)  Disturbances  in  Innervation  are  frequently  the  cause  of 
difficult  mastication.  Through  central  impulses  chewing  may  be 
rendered  impossible  in  painful  affections  of  the  mouth,  like  an 
alveolar  or  peritonsillar  abscess,  angina,  or  parotitis.  But  the  nerve 
supply  to  the  part  is  more  often  at  fault.  The  paralysis  of  certain 
muscles  seriously  interfering  with  mastication,  as  the  buccinator  and 
orbicularis  oris  in  fac^ial  paralysis,  the  tongue  muscles  in  hypoglossal 
paralysis,  and  the  strong  masticatory  muscles  by  lesions  in  the  infe- 
rior maxillary  division  of  the  V  nerve. 

Sensory  paralysis  makes  mastication  difficult,  as  is  seen  when  the 
surface  of  the  buccinator  becomes  anaesthetic  and  in  certain  cases 
of  ha^mianiesthesia. 

{o)  The  Secretions  of  the  Mouth,  as  has  been  previously 
indicated,  play  an  important  part  in  the  subdivision  of  food  particles. 

2.  Effects. — (a)  Mastication  may  Become  Impossible  when 
extensive  congenital  defects  prevail,  or  when  the  tongue  has  under- 
gone serious  anatomic  changes  and  in  the  presence  of  extremely 
painful  local  affections,  bilateral  muscular  paralysis,  ankylosis,  dis- 
locations or  fractures  of  the  maxilla. 

(/?)  Difficult  Mastication  is  observed  when  the  oral  mucosa  is 
partially  anjcsthetic  or  few  important  muscles  like  the  buccinator  and 
orbicularis  oris  are  paralyzed;  also  when  the  innervation  of  many 
of  the  masticatory  muscles  is  affected,  as  in  cases  of  bulbar  paralysis. 

In  buccinator  paralysis  from  failure  to  compress  and  contract  the 
cheeks,  food  accumulates  between  the  cheek  and  gums  and  is  not  kept 
well  Ix^tween  the  teeth  during  mastication. 

In  orbicularis  paralysis  the  mouth  cannot  be  closed  and  may 
allow  portions  of  food  to  escape. 

In   the   slowly   progressive   bulbar   paralysis    (Wachsmuth)   with 
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^JTximetric  nuclear  lesions,  where  the  tongue  is  usually  early  affected, 

'^  loses  its  function  of  retaining  food  between  the  teeth,  and  lies  as 

*   ixiotionless  and  atrophic  mass  on  the  floor  of  the  mouth.     With 

^^i  lateral  lesions  motor  disturbances  are  not  so  marked  and  to  the 

^J^^^n'er  become  evident  when  upon  protruding  the  organ  it  deviates 

^^^^netly  to  the  paralyzed  side. 

Ct)  Imperfect  Mastication  is  most  frequently  the  result  of  dental 
~^^cts,  but  may  be  caused  by  incomplete  insaHvation  or  hasty  habits 
^iZ  ^*ti"J?-  Often  when  chewing  is  difficult  imperfect  subdivision  in 
^^^^  mouth  is  the  result. 

I'ood  thus  imperfectly  insalivated  and  bolted  offers  serious  impedi- 
^^^nt  to  active  digestion  in  the  stomach. 


6.  Deglutition. 


\ 


Derangements  of  this  complex  act  may  best  be  considered  by 
analyzing  its  various  phases. 

(a)  Voluntary  Part. — ^All  of  the  paralytic  phenomena  affecting 
mastication  must  necessarily  influence  the  formation  of  the  holus,  and 
lesions  of  the  hypoglossal  are  most  eflFective  to  produce  difficulty  in 
moving  the  food  mass  on  to  the  pharynx. 

03)  Involuntary  Part.  Pharyngeal  Deghdition. — The  causes 
of  interference  with  the  transit  of  food  through  the  pharynx  may  at 
times  be  a  simple  mechanical  one;  as  defects  congenital  or  acquired 
in  the  soft  palate  or  epiglottis  and  actual  obstruction  by  neoplasms, 
enlarged  tonsils,  and  retropharyngeal  accumulations  of  pus;  or  by  a 
foreign  body,  as  an  intubation  tul)e  in  the  larynx,  interfering  with  the 
muscular  coaptation ;  but  more  frequently  results  from  derangements 
in  the  complex  nervous  mechanism. 

Centric  disturbances  exclusive  of  nuclear  lesions  are  the  underlying 
condition  in  this  symptom  when  seen  in  deep  coma  and  hysteric 
states.  The  spasm  seen  in  rabies  results  from  the  concentrated 
condition  of  the  virus  in  the  medulla.  But  nerve  changes  are  a 
much  commoner  cause,  the  efferent  tracts  lx»ing  bilaterally  involved 
in  bulbar  paralysis,  while  in  the  neuritis  accompanying  diphtheria 
the  transmission  of  sensory  impulses  is  also  interfered  with. 

ITirough  painful  aflFerent  impulses  from  an  angina,  f>eritonsillar 
or  retropharyngeal  abscess,  the  ac*t  is  sometimes  partially  inhibited. 
Muscular  changes,  although  present  in  severe  diphtheria  and  other 
inflammatory  affections  of  the  throat,  are  rarely  the  sole  or  primary 
cause.  Baginsky  claims  that  early  diphtheritic  paralysis  is  due  to 
myositis. 

The  effect  is  a  disturbance  in  one  or  more  of  the  three  parts  of 
the  act. 

The  transportation  of  food  into  the  asophagns  is  imptMled  chiefly  by 
painful  local  conditions,  is  interfered  with  when  other  exits  like  the 
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posterior  nares  or  the  oral  cavity  remain  open,  but  it  is  not  at  all 
affected  by  the  pharyngeal  ansesthesia  which  prevails  in  nianj  cases 
of  hysteria. 

The  guarding  of  the  posterior  nares  is  interfered  with  in  all  affecdons 
of  the  soft  palate,  and  food  is  regurgitated  through  the  nose.  Solid 
particles  may  become  lodged  in  the  nasal  cavity  and  set  up  painful 
inflammation. 

Guarding  the  laryngeal  opening  is  a  very  important  phase  in 
deglutition,  and  when  it  is  interfered  with  food  morsels,  fluids,  or 
even  the  infected  mouth  secretions  have  free  access  to  the  respiratory 
passages  and  may  give  rise  to  obstruction  or  lead  to  irritative  phenom- 
ena not  only  in  the  bronchial  tube,  but  often  in  the  depths  of  the  lung 
parenchjTna.  Hence,  such  accidents  are  always  to  be  feared  in 
comatose  states  like  ether  anaesthesia  and  severe  infectious  disease, 
while  in  hopeless  paralytic  and  marantic  states,  by  producing  an 
inhalation  pneumonia  they  may  quietly  close  the  scene. 

(y)  (Esophageal  Deglutition  speedily  executed  in  health  may  in 
various  ways  be  interfered  with,  thus  inhibiting  or  preventing  the 
entrance  of  food  into  the  gastrointestinal  tract. 

(i)  The  cause  is  most  frequently  a  purely  mechanical  disturbance, 
as  defects  in  the  continuity  of  the  tube.  These  may  result  from 
perforation,  proceeding  from  without,  as  suppurative  processes  sur- 
rounding it,  or  from  within,  as  by  the  loc'gement  of  a  foreign  body 
or  passage  of  a  stomach  tul>e,  but  mostly  by  ulcerations  starting  in 
the  wall,  as  carcinoma,  peptic  and  typhoid  ulcers;  or  by  the  action 
of  caustics. 

Diverticula  may  arise  in  two  ways:  By  traction  caused  by  adhesion 
of  diseased  neigh l)oring  structures,  and  are  located  near  the  bifur- 
cation of  the  trachea.  By  pressure  from  ivithin.  These  arise  most 
commonly  from  the  posterior  wall  of  the  upper  portion,  and  result 
from  congenital  defects  or  thinning  of  the  muscular  coat  and  hernious 
protrusion  of  the  mucous  membrane. 

Strictures  are  the  most  common  cause  of  dysphagia  and  may  result 
from  a  purely  intrinsic  condition  like  a  neoplasm,  but  more  often 
from  changes  in  the  wall,  as  a  muscular  spasm  or  a  cicatrix,  resulting 
from  inflammation,  corrosion,  or  tiauma;  also  frequently  due  to 
cancerous  invasion.  Compression  from  without;  by  neighboring 
neoplasm,  aneurysm,  goitre,  lymphatic  glands,  or  even  a  distended 
(esophageal  diverticulum;  while  the  lodgement  of  a  foreign  body, 
either  in  the  narrowest  parts  of  the  normal  gullet,  as  opposite  the 
cricoid  cartilage  and  tracheal  bifurcation,  or  at  the  cardia  and 
diaphragmatic  ring,  or  at  a  point  of  pathologic  stenosis,  is  not  an 
infrequent  condition. 

The  nervous  mechanism  is  at  fault  in  those  cases  of  idiopathic 
dilatation  where  the  condition  resembles  the  effect  of  bilateral  section 
of  the  vagus,  experimentally  demonstrable  in  animals.     Here  the 
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gradual  and  fusiform  distention  of  the  gullet,  entirely  independent  of 
stricture  or  muscular  alteration,  becomes  a  prominent  symptom  in 
both  instances.  Central  impulses  lead  to  oesophageal  spasms  in  rabies; 
and  mast  spastic  stenoses  and  the  "globus"  sensations  are  manifesta- 
tions of  hysteria.  On  account  of  the  comparative  insensibility  of  the 
gullet  mucosa,  otherwise  painful  affections  seated  here  inhibit  but 
slightly  the  swallowing  act. 

(ii)  The  effects  vary  with  the  severity  and  duration  of  the  cause 
and  manifest  themselves  in  local  variations:  from  perversions  in  the 
course  of  the  food  bolus.  By  unnatural  orifices  it  may  find  its  way  into 
aUached  diverticula,  there  to  decompose,  give  rise  to  pressure  effects, 
and  periodically  to  be  ejected;  or  by  perforation  and  rupture  becomes 
lodged  in  adjacent  tissues  and  even  enters  and  fills  the  adjoining 
body  cavities,  setting  up  violent  necrotic  inflammation.  Such  a 
cati^trophe  is  ushered  in  by  retching,  nausea,  and  vomiting,  soon 
followed  by  agonizing  substernal  pain,  ending  within  twenty-four 
hours,  often  in  severe  shock,  by  interference  with  the  respiratory 
mechanism. 

Or  its  passage  may  be  partially  or  completely  obstructed.  Food 
swallowed  may  with  difficulty  and  effort  be  forced  on  into  the 
stomach,  and  frequently  accumulaies  in  the  secondarily  dilated 
oesophagus,  and  is  later  slowly  forced  through  the  narrowed  canal 
into  the  stomach,  but  is  more  often  regurgitated  into  the  mouth. 

The  severity  of  the  dysphagia  thus  resulting  is  largely  dependent 
on  the  degree  of  stenosis.  When  this  is  moderate,  large  pieces  only 
are  impeded;  but  when  it  becomes  extreme,  even  the  passage  of 
liquids  may  be  arrested. 

The  mixture  of  food  thus  retained  at  the  body  temperature  at  first 
undergoes  salivary  digestion,  but  later  from  saprophytic  multiplication 
becomes  acid  and  decomposed.  Catarrhal  oesophagitis  results,  which 
augments  not  only  the  substernal  pain  and  oppression,  but  also  causes 
the  hypertrophic  musculature  to  become  atonic.  Rarely  the  onward 
course  of  the  bolus  is  impossible  on  account  of  spasm  involving  the 
entire  tube,  while  in  idiopathic  dilatation  distressing  food  accumula- 
tions finally  result  in  organic  muscular  atonicity. 

The  constitutional  disturbances  are  chiefly  dependent  upon  the 
malnutrition  which  results  from  the  insufficient  nourishment  that 
arrives  ift  the  stomach  in  the  more  prolongi»d  cases  of  severe  stenosis. 
But  in  some  cases  of  cancer  and  mediastinal  disease  the  cachexia  is 
advanceil  before  dysphagia  results,  while  the  gangrtMious  inflam- 
mation set  up  by  ingesta  escaping  through  abnormal  orifices  causes  a 
profound  toxaemia,  which,  in  conjunction  with  the  shock  from  the 
accident,  tends  to  a  rapidly  fatal  termination. 
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B.  GASTRIC  DIGESTION. 

1.  THE  SECRETIONS.      ^^H'\ 

The  gastric  secretion  is  far  more  important  than  the  saliva,  on 
account  of  its  prolonged  action  on  the  ingested  food,  and  hence 
variations  in  its  quantity  and  changes  in  its  composition  become  of 
the  utmost  clinical  importance. 

a.  The  Hydrochloric  Acid. 

On  account  of  the  complex  processes  concerned  in  its  production 
hydrochloric  acid  is  the  most  subject  to  variation. 

1.  Increased:  Hyperchlorhydria.  (a)  Oanse. — ^The  cause  of  such 
an  overproduction  is  most  commonly  dependent  (a)  Upon  Nervous 
Derangemknts,  most  of  which  are  but  poorly  defined. 

As  examples  may  be  mentioned  the  high  percentage  of  HCl,  which 
is  a  characteristic  feature  in  the  symptom-complex  of  hyperchlor- 
hydria, the  most  common  gastric  disorder.  In  the  experience  of 
Einhom,*®  the  gastric  disorders  accompanied  by  alimentary  hyper- 
chlorhydria formed  more  than  one-half  of  the  cases  applying  for 
treatment.  In  this  disease  the  hyperchlorhydria  only  follows  the 
taking  of  food,  and  becomes  most  marked  at  the  height  of  di- 
gestion. 

A  continuous  secretion  of  a  highly  acid  gastric  juice  is  seen  in  the 
condition  first  described  by  Reichmann"  and  later  carefully  studied 
by  Riegi*!.^^  The  abundant  flow  may  occur  periodically  {gastrc- 
succorrliTa  continua  periodica)  or  continue  over  longer  perio<ls  of  time 
(ga^ttroffiu'corrhara  coniinna  chronica). 

An  anatomic  substratum  has  not  l>een  established  for  anv  of 
these  forms  of  secretory  derangements,  and  since  they  are  most 
commonly  seen  in  young,  active,  nervous  persons,  and  in  indi>iduals 
under  great  mental  strain,  they  are  considered  as  pure  neuroses, 
probably  dependent  upon  abnormally  irritated  nerve  tracts  concenie<l 
in  the  secretion  of  HCl. 

\\)n  Noorden"  is  inclined  to  believe  that  a  hyperaesthesia  of  the 
secretory  centre  may  l)e  responsible  for  the  hyperchlorhydria  in 
chlon)sis.  In  72  of  122  cases  of  thisdisease  reported  by  Von  Noorden,*' 
von  liCulH*,**  and   Haven/^  the  HCl  was  increased. 

That  hypiTsecretion  may  result  from  reflex  impulses  was  demon- 
strated by  Riegi^P"  in  cases  of  cholelithiasis  and  by  others  in  renal 
colic.  Of  the  hyperchlorhydria  often  present  in  the  gastric  crises 
of  tabes,  morbid  spinal  impulses  are  doubtless  the  cause. 

(i'i)  AssoriATKi)  WITH  Anatomic  Changes  is  the  hj^x^rchlor- 
hydria  of  round  ulcer  of  the  stomach,   which   may  even  continue 
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through  the  early  stages  of  carcinomatous  transfoimation.  The 
theory  that  in  these  indolent  ulcers  the  hyperchlorhydria  is  more 
often  the  cause  than  the  effect  is  substantiated  by  clinical  observa- 
tions of  von  Leube  and  experimental  results  of  Fiitterer. 

Von  Leube"  also  calls  attention  to  the  fact  that  some  of  the  clinical 
eases  of  Reichmann's  disease  associated  with  a  mild  degree  of  motor 
insufiBciency  may  be  cases  of  moderately  constricted  pylorus  from 
scars  of  healed  ulcers,  the  excessive  secretion  of  HCl  continuing. 

(6)  Skects. — ^The  effects  of  excessive  amounts  of  HCl  are  most 
pronounced  in  neurotic  individuals,  but  even  in  the  robust  they  may 
lead  to  serious  disturbances. 

(1)  In  the  Stomach  the  hyperchlorhydria  has  a  twofold  effect 
upon  (tf)  Digestion,  (i)  Salivary  digestion  is  inhibited  much  earlier 
and  more  effectively  in  those  cases  where  the  abundant  HCl  is  poured 
out  only  after  the  ingestion  of  food;  while  in  the  cases  of  continued 
secretion  the  reaction  of  the  gastric  contents  at  no  time  is  favorable 
for  the  action  of  the  ptyalin. 

(ii)  Proteolysis  is  actually  augmented,  as  is  seen  when  the  gastric 
contents,  after  the  ingestion  of  a  mixed  meal  are  inspected  at  the 
height  of  digestion.  Here  it  is  found  that  the  carbohydrate  elements 
of  the  meal,  like  the  bread,  are  but  slightly  altered,  while  the  protein 
portion,  like  the  meat,  is  practically  disintegrated. 

0?)  The  Motility  of  the  Stomach  may  remain  good  for  long 
periods  and  (i)  may  even  be  increased.  In  such  cases  it  is  often 
found  that  the  stomach  is  completely  empty  in  one  hour  after  taking 
a  light  meal,  like  an  Ewald  test  breakfast,  which  consists  of  two 
slices  of  dry  bread,  60  gms.,  and  a  glass  of  water,  300  c.c. 

(ii)  In  long-continued  pronounced  cases  the  almost  constantly 
present  superacidity  ultimately  may  set  up  inflammatory  changes  in 
the  gastric  mucosa,  which  finally  extend  to  the  muscularis,  and 
result  in  motor  insufficiency.  But  this  symptom  is  more  frequently 
dependent  upon  the  constant  overloading  of  the  stomach  to  satisfy 
the  unnatural  appetite,  which  is  so  often  present  in  hyperchlorhydria. 

(ill)  Vomiting  may  occur  in  the  severer  cases  at  the  height  of  the 
pain,  and  is  sometimes  brought  on  artificially  by  the  patient  to  relieve 
him  of  great  distress.  In  chronic  hypersecretion  the  excessive  acid 
contents  of  the  stomach  may  be  vomited  at  night  or  early  in  the 
morning. 

When  motor  insufficiency  supervenes,  the  copious  vomiting  of 
sour  food  masses  only  brings  relief  from  the  excruciating  pains  which 
accompany  the  spasmodic  ac*tion  of  the  gastric  musculature  to 
overcome  the  pylorospasm,  which  is  usually  the  determining  cause. 

(iv)  Pylorospasm  of  intermittent  duration  is  not  an  infrequent 
accompaniment  of  superacidity,  and  brings  forth  an  hypertrophy  of 
the  muscular  coats  of  the  stoinac4i  with  which  to  overwhelm  spas- 
modically its  obturation  effect.     When  nerve  endings  are  exposed,  as 
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in  round  ulcer,  the  summation  of  stimuli  may  be  sufficient  to  bring 
about  a  more  or  less  continuous  spasm  of  the  pylorus,  later  even 
resulting  in  hypertrophy  of  this  muscular  ring. 

(v)  By  relaxing  the  cardia  and  regurgitating  or  belching  small 
quantities  of  fluid  at  frequent  intervals,  is  a  way  in  which  the  stomach 
often  attempts  to  rid  itself  of  its  irritating  contents.  As  a  result 
thereof  the  action  of  the  acids  is  spread  to  the  cesophagus,  where 
it  gives  rise  to  substernal  burning  (pyrosis,  or  heartburn),  and  to 
the  mouth  and  pharynx,  where  it  is  recognized  by  the  sour  taste  and 
odor. 

Large  volumes  of  gas  escaping  simultaneously  may  have  been 
swallowed,  but  oftener  are  the  products  of  fermentation. 

{x)  Sensory  Disturbancfs  in  the  form  of  a  feeling  of  pain  or  dis- 
comfort at  the  height  of  digestion  are  the  most  constant,  and  often 
the  only  effect  of  the  excess  of  acid  upon  the  stomach.  They  are 
much  influenced  by  the  quantity  and  composition  of  the  food, 
appearing  early  and  becoming  intense  with  a  <x)arse  vegetable  diet, 
and  occurring  later  with  a  meal  rich  in  albumen. 

The  pain  when  present  may  be  allayed  by  the  ingestion  of  alkalies, 
albuminous  food,  or  copious  draughts  of  water,  tlie  alkali  combining 
with  the  HCl  to  form  a  neutral  salt,  the  albumen  also  neutralizing 
the  free  HCl  forming  syntonin  or  combined  HCl,  the  water  diluting 
the  strongly  acid  gastric  contents,  thus  postponing  the  irritant  effects, 
even  up  to  the  time  of  the  next  meal. 

The  painful  sensations  may  become  more  intense  and  of  a  burning 
and  gnawing  character,  and  be  established  soon  after  the  ingestion 
of  food  when  an  ulcer  is  present,  and  more  periodic  and  cramp  like 
when  due  to  spasm  of  the  pylorus,  or  irregular  and  active  contractions 
of  the  gastric  muscularis. 

(2)  Upon  the  Intestines  hyperchlorhydria  has  such  marked  and 
constant  influences  that  Illoway  has  recently  put  forth  the  hypothesis 
that  the  intestinal  derangement  is  the  underlying  cause  of  the  hyper- 
secretion rather  than  the  effect.  («)  The  Secretions  poured  into  the 
upper  bowel  are  partially  or  completely  neutralized  by  the  acid 
chyme ;  consequently  the  digestion  of  fats  and  carbohydrates  is  still 
further  delayed,  while  peptic  digestion  is  impeded  by  the  admixture 
of  biliarv  salts.  To  counteract  these  ill  effects,  the  harmonious 
glandular  co-operation  in  the  digestive  act  is  called  into  activity  by 
stimuli  originating  in  the  mucous  membrane  of  the  duodenum  from 
the  superacid  chyme,  which  causes  large  volumes  of  pancreatic  juice 
to  be  secreted. 

{fi)  Motor  Dkraxgkment  of  the  intestine  in  the  form  of  constipa- 
tion is  practically  a  constant  symptom.  The  exact  mode  of  production 
remains  in  doubt,  but  that  the  changes  in  the  bacteriologic  flora  of 
the  intestine,  wrought  by  the  thorough  disinfection  of  the  food  by 
HCl,  plays  a  role  seems  reasonable  to  suspect. 
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(3)  The  Systemic  Effects  of  this  functional  perversion  are  per  se 
not  marked. 

(a)  The  Nutrition  is  not  reduced,  and  patients  suflfering  from 
hyperchlorhydria  do  not  create  the  impi-ession  as  being  very 
sick. 

O?)  Changes  in  the  Body  Fluids  result  during  the  period  of  HCl 
secretion.  Large  quantities  of  NaCl  being  broken  up  in  the  glands 
of  the  stomach,  the  CI  combining  with  the  H  to  enter  the  cavity  of 
this  viscus,  while  the  Na  is  re-entering  the  blood  to  form  alkaline 
phosphate.  The  excessive  alkalinity  of  the  plasma  is,  however,  soon 
corrected  by  renal  activity.  The  urinary  water  now  holds  in  solution 
the  excess  of  Naset  free  in  the  gastric  mucosa,  while  the  chlorides  are 
actually  diminished.  Turbidity  from  precipitation  of  earthy  phos- 
phates in  the  slightly  alkaline  urine  during  the  height  of  HCl  secretion 
may  become  evident  even  to  the  patient. 

2.  Diminished:  Hjnpochlorhydria  or  Anachlorhydria.  (a)  Oanses. 
— The  causes  of  a  diminution  in  HCl  secreted  by  the  stomach  are  less 
often  dependent  upon  («)  Nervous  Influences.  A  hypochlorhydria, 
extending  sometimes  over  long  periods  of  time,  analogous  to  the 
hyperchlorhydria  already  described,  may  occur  unaccompanied  by 
anatomic  changes,  but  ordinarily  such  a  reduction  is  transient  in 
duration  and  is  of  reflex  origin.  From  Pawlow's  researches  it  is 
learned  why  the  diseases  of  the  mouth  and  perversions  of  appetite 
have  such  an  effect.  In  shock,  after  sexual  abuses  and  during  psychic 
emotions  the  flow  of  HCl  often  stops  as  the  result  of  central  impulses. 
In  the  early  stages  of  achylia  gastrica  the  HCl  may  be  completely 
absent  without  any  demonstrable  lesions.  Hemmeter  states  that  in 
the  primary  or  idiopathic  variety  of  this  disease  the  absence  of 
secretioii  is  evident  long  before  anatomic  changes  occur,  and  is 
possibly  an  inherited  functional  debility. 

Certain  drugs  like  morphine  by  acting  on  the  motor  mechanism 
inhibit  secretory  activity. 

(^)  Alterations  in  Glandular  Structure  are  the  usual  cause 
of  a  partial  or  complete  suppression  of  the  HCl  secretion.  They 
may  vary  in  a  degree  from  the  slight  or  even  doubtfiU  changes  ac- 
companying the  acute  infectious  diseases  like  pneumonia,  typhoid,  and 
tuberculosis,  to  a  complete  atrophy  of  the  gastric  mucosa,  such  as  is 
seen  in  atrophic  gastritis,  or  in  the  more  benign  atrophy  of  achylia 
gastrica,  in  the  end  stage  of  chronic  gastritis,  and  in  extreme  dilata- 
tion of  the  stomach,  even  when  not  due  to  malignant  disease.  Amy- 
loid and  fatty  changes  may  render  the  gastric  glands  unfit  for 
activity,  and  the  action  of  caustics  may  destroy  them  completely. 

In  carcinoma  of  the  stomach  the  gastric  secretion,  although  often 
containing  a  large  quantity  of  water,  even  early,  is  devoid  of  HCl 
and  enzymes.  \Vlien  this  change  takes  place  Ix^fore  motor  in- 
suflSciency  occurs  it  cannot  be  attributed  to  interstitial  changes,  and 
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l>ecause  a  like  effect  may  result  when  even  a  small  cancer  is  located  in 
distant  viscera,  like  the  liver,  uterus,  and  breast,  it  seems  that  products 
of  cancer  cells  have  a  specific  affinity  for  the  stomach  glands. 

The  general  tendency  to  atrophy  in  old  age  does  not  spare  tV^^ 
gastric  glands,  and  by  diminished  secretions  disturbing  digestion  t\^^ 
existing  systemic  state  becomes  augmented. 

Transient   changes,  as  seen  in  the  acute  and  subacute  forms     ^, 
gastritis,  lead  to   a  reduction  of  HCl   secretion,  which  lasts  u 
there  is  recovery  from  the  lesion. 

(y)  Constitutional  Diseases  through  alterations  in  the  bl 
plasma  can  cause  the  secretion  of  HCl  to  become  diminished 
suppressed.  This  is  seen  in  pronounced  cachectic  states  and  anemi 
especially  of  the  pernicious  type.  In  pernicious  anaemia  the  anachloF*- 
hydria  is  such  a  constant  symptom  that  oftentimes  the  question  o^ 
cause  and  effect  has  been  raised. 

Because  urea  has  been  found  excreted  into  the  stomach  in  nephritis 
authors  have  failed  to  consider  the  systemic  state,  and  attributed  the 
failure  to  secrete  to  the  irritative  local  effect  of  this  substance. 

(0)  An  Apparent  Anachlorhydria  may  result  when  the  HQ  is 
neutralized  by  excessive  volumes  of  swallowed  or  stomach  mucus, 
copious  hemorrhage,  or  regurgitated  duodenal  contents. 

(6)  Effects. — The  effects  of  a  diminished  quantity  or  complete 
absence  of  HCl  are  greatly  modified  by  the  motor  power  of  the  stomach. 

(1)  In  the  Stomach  (a)  The  Digestive  Processes  are  markedly 
altered:  (i)  Salivary  digestion,  unless  arrested  by  the  products  of  acid 
fermentation,  may  continue  throughout  the  entire  time;  (n)  Peptic 
digestion  does  not  occur;  the  pepsinogen,  although  rarely  present  in 
normal  amounts,  requiring  the  action  of  an  acid  to  render  it  active. 
When  organic  acids  are  produced  in  sufficient  amounts  to  sul)stitute 
for  the  HCl,  the  peptic  glands  too  have  usually  undergone  degen- 
eration. 

The  food  remains  longer  in  the  stomach  l)ecause  automatic  relaxation 
of  the  pyloric  ring  is  dependent  upon  a  certain  transformation  of  the 
food,  which,  according  to  (^annon,**  is  (le[)endent  upon  the  HCl 
admixture. 

'^rhus  the  diminution  of  the  acid  exerts  a  twofold  deleterious  effect: 
stagnating  the  ingesta,  and  allowing  uninhibited  saprophytic  multi- 
plication. If,  however,  the  main.stay  of  this  bacteriologic  flora  is  not 
prolonged  beyond  the  seventh  hour,  but  is  regularly  passed  on  into 
the  intestine,  untoward  effects  are  not  manifested  in  the  stomach. 

In  the  heterogeneous  flora  that  flourishes  in  stagnated  contents 
sometimes  specific  organisms  predominate,  as  the  long,  thin,  rod-like, 
non-motile,  non-s|K)re-l)earing,  lactic-acid-producing,  Gram-staining, 
Oppler-Boas  bacillus  in  carcinoma  and  yeast  cells  and  sarcinae 
ventricuH  in  the  InMiign  forms  of  motor  derangement.  Practically 
without  exception  the  organisms  are  acid  or  gas-producing. 
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(/5)  The  Motor  Power  of  the  Stomach  is  often  reduced.  The 
interstitial  changes  in  the  mucosa  primarily  present,  or  the  consequence 
of  secondary  irritation  by  products  of  fermentation  extending  to  the 
'Huscular  coat,  result  in  a  functional  debility  and  motor  insufficiency. 
A  vicious  cycle  thus  started  may  lead  to  dilatation  entirely  inde- 
pendent of  pyloric  constriction  following  the  stagnation  of  food  and 
8^«eous  distention. 

It  is  only  when  such  motor  derangements  are  established  that 
^^nscious  digestive  disturbances  result.  Of  these  (i)  belching  of  gas 
^^  fluid  is  most  frequent  and  is  considered  by  Boas  as  characteristic 
^f  gastric  motor  derangement.  The  gas  is  either  odorless  or  has  an 
offensive  sour  smell  and  a  disagreeable,  rancid  taste.  Regurgitated 
^ur  food  masses  impart  a  burning  and  acrid  sensation  in  the  lower 
portion  of  the  oesophagus  (pyrosis  or  cardialgia)  and  an  unpleasant 
taste  in  the  mouth,  which  do  not  differ  essentially  from  those  experi- 
enced with  hyperchlorhydria.  A  bitter  taste  may  be  due  to  peptones 
or  admixture  of  bile ;  hence  in  practice  chemical  tests  become  neces- 
sary to  determine  the  cause. 

In  the  pharynx  and  mouth  chronic  catarrhal  processes  are  induced 
which,  extending  to  the  tongue,  give  rise  to  a  variable  appearance, 
most  pronounced  in  the  thick  furring  associated  with  cancer  of  the 
stomach.  The  fator  ex  ore  accompanying  such  changes  results  chiefly 
from  foul  gases  exhaling  from  the  oesophagus  and  stomach. 

From  defective  perceptions  of  tastes  and  flavors  necessarily  follow- 
ing such  oral  changes,  a  secondary  diminution  of  HCl  secretion 
follows,  and  another  vicious  cycle  becomes  established. 

(ii)  Vomiting  is  of  rarer  occurrence  and  is  oftener  dependent  on  the 
underlying  cause,  as  an  ulcerated  carcinoma,  irritating  substances 
ingested,  or  constitutional  state,  and  accidental  events,  such  as 
hemorrhage  or  perigastritis,  than  upon  local  action  of  decomposition 
products.  In  the  higher  degrees  of  motor  insufficiency  it  may  become 
a  means  of  periodically  evacuating  the  stomach. 

(in)  VaruUions  in  the  pyloric  ring,  if  present,  are  often  primary, 
and  organic  in  character.  Boas  and  Eichorst  have  attributed  the 
pyloric  insufficiency  very  rarely  present  in  chronic  gastritis  to  inflam- 
matory infiltration  of  this  musculature. 

(;')  Abnormal  Sensations  originating  in  the  stomach  in  this  secre- 
tory perversion,  exclusive  of  those  associated  with  the  underlying 
cause,  like  carcinoma  and  gastritis,  or  accidental  events,  like  motor 
insufficiency,  are  probably  absent.  Hemmeter  speaking  of  achylia 
gastrica  says:  "The  supposition  of  Biedert  that  there  may  be  a  great 
many  who  possess  this  defect  and  are  unaware  of  it,  has  been  verified 
by  a  number  of  observations  among  the  students  of  my  clinic." 

But  usually  the  dyspeptic  disturbances  are  more  markecl,  and  a 
constant  feeling  of  fulness  and  oppreSvsion  after  meals  and  even  a 
vague  painful  sensation  are  complained  of. 


394  SPECIAL  PHYSIOLOGY 

The  appetite  may  be  greatly  diminished  or  perverted,  while  water 
is  craved  to  satisfy  the  subjective  sensations  in  the  stomach.  Nausea 
is  at  times  present  independent  of  vomiting. 

(2)  Upon  the  Iniestine  falls  the  extra  burden.  In  the  classic 
experiment  of  Ludwig  and  Ogata  it  was  emphatically  proven  that 
the  intestine  may  vicariously  asstmne  the  function  of  the  stomach,  and 
by  observations  of  Martins  and  Lubarsch  the  results  were  sub- 
stantiated, even  clinically. 

(a)  The  Secretions  poured  into  the  duodenum  are  diminished 
as  the  result  of  insufficient  stimulation  of  the  duodenal  mucous 
membrane  by  a  chyme  of  reduc*ed  acidity. 

By  experiments  of  Pawlow*®  it  was  shown  that  many  organic  acids, 
including  lactic  and  butyric,  could  be  substituted  for  the  HCl  in 
the  chyme. 

Intestinal  digestion  is  thus  chiefly  modified  by  alterations  in  its 
bacteriologic  flora;  the  augmented  gaseous  fermentation  leading 
to  tympanitic  distention,  while  other  decomposition  products  act  as 
local  irritants,  and  thus  are  explained  the  frequent  diarrhoeal  attacks 
of  some  cases  and  the  association  of  atrophic  enteritis  and  atrophy 
of  the  gastric  mucosa  observed  by  Nothnagel. 

Pathogenic  germs  like  the  typhoid  bacillus,  cholera  vibrio,  and 
dysentery  bacillus,  gain  uninterrupted  access  to  the  intestinal  tract, 
and  various  forms  of  lowly  animal  parasites  like  the  trichomonas 
and  cercomonas  intestinalis  are  often  found  in  the  stools  of  those 
suffering  from  a  long-continued  anachlorhydria. 

0?)  Variations  in  the  Motor  Function  are  the  rule.  Usually 
constipation  predominates  and  sometimes  alternates  with  diarrhoea. 
The  frequent  diarrhoeal  attacks  are  in  the  main  dependent  upon 
decomposition  products,  formed  either  in  the  stomach  or  intestine; 
though  the  failure  to  [)roperly  disintegrate  in  the  stomach,  becomes 
a  factor  whenever  mastication  is  hastily  performed.  Long-continued 
gaseous  distention  may  result  in  ultimate  paresis  of  the  bowel. 

(3)  Systemic  Effects,  although  not  well  defined  in  the  more 
benign  forms  of  gastric  atrophy,  often  become  dangerous  when 
motor  defects  predominate  or  malignant  disease  is  the  underlying 
cause. 

(«)  The  General  Nutrition  remains  good,  while  intestinal  diges- 
tion compi^nsates  the  lack  of  solution  in  the  stomach,  but  when 
troublesome  diarrhcea  supervenes  emaciation  soon  occurs. 

A  constant  feeling  of  oppression,  irritability  of  mind,  and  dis- 
inclination for  l)odily  and  mental  exertion  may  from  time  to  time 
be  varied  by  more  specific  reflex  and  toxic  visceral  phenomena,  such 
as  headache,  hypochondriasis,  vertigo,  dyspnoea,  cardiac  palpitation, 
myalgias,  arthralgias,  and  insomnia.  A  depression  of  spirits  may 
control  the  mentality  and  perversions  of  appetite  oftentimes  proceed 
to  a  disgust  for  ordinary  diet. 
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03)  The  Body  Fluids  are  affected  in  various  ways,  (i)  The  urine 
fails  to  show  the  alkaline  wave  which  follows  the  passage  of  CI  into 
the  stomach  at  the  height  of  digestion  and  often  contains  an  excess 
of  indoxyl  and  skatoxyl  combinations  which  are  formed  from  indol 
and  skatol,  the  products  of  protein  decomposition  in  the  intestine. 
The  normal  proportion  of  conjugate  or  ethereal  sulphates  to  pre- 
formed sulphates:  1:10  is  increased,  the  ratio  in  intestinal  putre- 
faction reaching  as  high  as  1  :  8  or  1  :  5.  Indican  or  potassium 
indoxyl  sulphate  is  thus  frequently  detected  in  large  amounts. 

A  characteristic  odor  of  the  freshly  voided  urine  is  often  pronounced, 
especially  when  gaseous  products  or  putrefaction  predominates  in  the 
intestinal  tract. 

(ii)  The  blood  normally  carrying  nutrition  to  even  the  remotest 
parts  of  the  body  may  become  impoverished,  particularly  in  the 
extreme  cases,  where  food,  not  digested  in  the  stomach,  is  later 
hurried  through  an  irritated  or  atrophied  intestinal  tube,  where 
bacterial  destruction  predominates. 

Much  that  has  been  said  about  the  causal  relationship  of 

PERNICIOUS  anaemia  AND  ABSENCE  OF  GASTRIC  SECRETION  is  SUmmcd 

up  in  the  conclusions  of  Stockton,*^  viz. : 

(i)  In  most  cases  of  pernicious  anaemia  there  is  an  absence  of  HCl 
secretion. 

(ii)  In  most  cases  of  achylia  there  is  no  pernicious  anaemia. 

(hi)  In  some  cases  of  pernicious  anaemia  there  is  no  achylia,  but 
merely  hypochlorhydria. 

(iv)  There  is  no  improvement  of  the  gastric  secretion  during  the 
improvement  of  the  anaemia. 

The  hyperleukocytosis  accompanying  normal  digestion  is  less 
marked  when  the  HCl  is  absent,  and  often  fails  to  occur  in  cases  of 
carcinoma. 

6.  The  Enzymes.    \ 

Pepsinogen  and  rennin  zymogen  always  secreted  in  parallel  pro- 
portions, both  in  health  and  in  disease,  are  much  less  subject  to 
quantitative  variations  than  the  HCl. 

1.  Increased. — ^^rhe  amount  of  ferments  secreted  is  increased  in 
those  cases  where  a  continuous  hypersecretion  occurs  as  a  symptom- 
complex,  and  often  the  digestive  powers  of  the  gastric  juice  ane  ' 
enhanced  in  cases  of  alimentary  hyperchlorhydria. 

That  the  secretion  of  enzymes  is  far  less  dependent  on  nervous 
influences  is  learned  from  the  many  cases  of  functional  hypochlor- 
hydria and  anachlorhydria  in  which  the  ferments  are  found  in  nor- 
mal amounts. 

No  Hi-effects  can  result  from  hyperj)epsia,  the  proteolysis  proceed- 
ing rapidly,  especially  when  the  HCl  is  increased.  When  such  a 
state  prevails,  pyloric  relaxation  must  occur  more  frecjuently  and  the 
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stomach  empty  itself  in  shorter  lengths  of  time,  but  the  reverse  is 
often  true,  and  results  from  the  local  effects  of  excessive  quantities 
of  HCl  usually  present. 

2.  Diminished. — Because  the  production  of  these  enzymes  is 
dependent  on  far  less  complex  processes  in  the  cell  than  the  secretion 
of  HCl,  and  is  preceded  by  the  deposition  of  proenzymes  during 
periods  of  rest,  while  the  HCl  is  formed  only  during  periods  of 
secretory  activity  by  disruption  of  the  sodium  chloride  molecule, 
it  can  l)e  easily  understood  why  the  ferment  secretory  function  is  far 
more  stable  than  the  HCl-producing  function. 

Thus  an  imme<liate  and  proportionate  reduction  of  ferments 
is  not  usually  the  accompaniment  of  the  hypochlorhydria  or  ana- 
chlorhydria  of  neurotic  origin,  or  of  transient  duration  as  in  febrile 
disturbances — viz.,  influenza,  typhoid,  phthisis,  and  pneumonia — 
or  dependent  on  reparable  constitutional  states,  such  as  anseniia, 
exhaustion,  renal  insufficiency,  and  canliac  failure. 

ShiiT  found  that  atropine,  while  causing  a  diminution  in  the  gastric 
secretion,  resulted  in  much  greater  reduction  in  the  percentage  of 
HCl  than  pepsin. 

But  in  all  atrophic  and  destructive  lesions  of  the  gastric  mucosa 
the  reduction  of  enzymes  runs  parallel  with  the  extent  of  the  process 
and  in  such  chronic  affections;  when  the  filtrate  obtained  from  the 
contents  one  hour  after  the  ingestion  of  an  Ewald  test  breakfast 
diluted  1 :  20,  mixed  with  an  equal  volume  of  sweet  milk,  and  kept 
at  the  incubator  temperature  for  fifteen  minutes,  fails  to  solidly 
coagulate  the  mixture,  it  is  assumed  that  incurable  atrophy  exists. 

The  efjccis  upon  peptic  digestion  vary  with  the  cause  and  asso- 
ciated secretory  and  motor  derangements.  It  l^ecomes  imnecessary 
to  consider  the  consequences  of  suppressed  rennin  secretion  in  view 
of  known  physiologic  facts,  namely,  the  minor  influence  of  this 
ferment,  and  that  it  cannot  be  diminished  without  a  corresponding 
reduction  of  the  pepsinogen. 

But  the  influences  of  the  hypochlorhydria,  which  is  always  asso- 
ciated with  a  reduction  of  ferments,  are  of  the  gravest  importance 
lK*cause  of  the  ettects  resulting  from  a  diminution  of  HCl,  'per  se, 
previously  considered,  and,  secondly,  that  the  proenzymes  of  these 
ferments  secreted  recjuire  an  acid  to  change  them  into  active  pepsin 
and  rennin.  When  the  secn^tion  of  pepsinogen  is  not  changed,  and 
the  optimum  amounts  of  HCl  are  not  available,  proteolysis  is  impeded, 
but  not  arrested,  as  is  seen  in  those  ciuses  where  peptones  are  formed 
in  the  absence  of  free  HC^I.  When  anachlorhydria  supervenes, 
organic  acids,  though  rarely,  may  Ik*  substituted  by  fermentative 
process(\s  for  the  HCl,  but  commonly  apc»psia  soon  results  when  such 
a  degree  of  motor  insufficiency  develops. 
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c.  Mucus.     "^ 

This  substance,  secreted  in  small  amounts  normally  by  the  mucosa 
of  the  pyloric  portion,  is  subject  more  frequently  to  increased  secre- 
tion. 

1.  Increased  Secretion,  ('a)  Oause. — Increased  secretion  occurs  in 
all  caiarrhcU  affections  of  the  stomach  mucous  membrane,  so  that 
clinically  macroscopic  quantities  of  mucus,  intimately  mixed  with 
the  contents,  are  taken  as  evidence  of  an  existing  gastritis. 

In  the  alcoholic  form  large  volumes  of  tenacious  mucus  are  always 
secreted,  and,  together  with  swallowed  pharyngeal  and  mouth  secre- 
tions, accumulate  during  the  night,  to  be  vomited  on  arising — the 
so-called  *'vomitus  Tnatutinus/' 

Of  the  numerous  other  forms  of  catarrhal  gastritis,  acute  and 
chronic,  due  to  mechanical  actian,  as  improperly  masticated  food, 
overeating,  and  ingestion  of  indigestible  food,  or  chemical  irritation — 
viz.,  excessive  tea  and  coffee  drinking,  use  of  condiments,  abuse  of 
tobacco,  habitual  use  of  drugs  and  improperly  prepared  and  spoiled 
foods,  or  thermal  influericesy  like  the  irrational  use  of  ice-water,  hot 
drinks  and  food — should  be  mentioned  also  the  secondary  varieties, 
dependent  upon  constitutional  staies  or  local  diseases,  such  as  ectasy 
and  atony,  hypersecretion  and  hyperchlorhydria,  carcinoma,  u  cer 
and  passive  congestion. 

In  the  gastritis  acida  of  Boas  the  exact  sequence  of  functional 
perversions  still  remains  in  doubt,  it  being  claimed  on  the  one  hand 
that  the  inflammatory  changes  are  provocative  of  the  excessive  HCl 
secretion,  and  on  the  other  that  the  inflammatory  changes  are  the 
result  of  the  existing  functional  hyperchlorhyilria  with  evidence  in 
favor  of  the  latter. 

(6)  Effects. — Because  the  gastric  mucosa  pours  out  large  volumes 
of  mucus  whenever  subjected  to  local  irritations,  it  appears  as  if  this 
were  a  means  to  counteract  the  ill  effects  by  demulcent  action,  but 
practically  another  vicious  cycle  is  thus  started,  (i)  Digestion  is 
interfered  with  in  a  purely  mechanical  manner  by  coating  the  food 
particles  with  a  dense,  tenacious  layer,  which  is  impermeable  to  the 
digestive  fluids  and  chemically  by  neutralizing  the  HCl,  which  is 
often  already  reduced.  By  its  alkaline  reaction  mucus  in  the  stomach 
may  prolong  salivary  digestion,  but  the  l)eneficial  results  thus  secured 
are  always  more  than  counterbalanced. 

(ii)  Nausea  is  usually  present  when  much  mucus  accumulates. 
In  this  way  vomiting  is  induced  and  the  stomach  is  emptied. 

2.  Diminished  Secretion. — This  is  of  rare  occurrence,  but  is 
possible,  (i)  In  the  latest  stages  of  all  atrophic  affections  of  the 
gastric  mucous  membrane.  I'sually  mucus  is  still  abundantly 
secreted  after  the  HCl  and  ferments  are  completely  absent;  hence  its 
value  as  a  sign  of  gastritis,     (ii)  In  achylia  gastrica,  either  with  a 
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functional  or  anatomic  substratum,  the  flow  of  gastric  secretion  i? 
completely  suppressed  and  mucus  is  absent. 

d.  Abnormal  Constituents.  \^^ 

These  may  have  a  manifold  origin,  either  (i)  purely  extraneous, 
as  ingested  ptomains,  alcohol,  and  other  drugs;  or  (ii)  from  internal 
sources,  such  as  the  stomach  itself,  swallowed  from  the  mouth,  or 
regurgitated  from  the  intestine. 

1.  Eztraneous  Origin. — ^The  introduction  of  these  substances  does 
not  have  to  be  described  and  the  possibilities  need  not  be  emmnerated; 
while  the  effects  of  most  drugs  are  considered  in  pharmacology,  it 
seems  best  here  to  confine  ourselves  to  the  action  of  a  few. 

(a)  Alcohol  in  small  amounts  of  beer  or  light  wine  taken  at  the 
end  of  a  meal  may  have  a  salutary  effect  upon  digestion,  especially 
if  the  subject  has  been  accustomed  to  its  use.  The  danger  of  inducing 
the  habitual  use  of  quantities  that  will  cause  serious  inflammatory  and 
degenerative  changes  in  the  stomach  and  other  organs  makes  the 
prescription  of  alcoholic  beverages  for  their  possible  tonic  effect 
an  unjustifiable  hazard. 

(6)  Alkalies. — For  a  long  time  the  effects  of  alkalies  as  promoters 
of  the  acid  gastric  secretion  have  been  lauded,  especially  since  the 
experiments  of  Claude  Bernard;  but  since  the  Pawlow  school  has 
shown  by  more  exact  methods  of  research  that  secretion  of  HCl  is 
not  augmented  by  the  introduction  of  alkali  into  the  stomach,  we  can 
accept  the  statement  of  N.  Reichmann  "that  sodium  carbonate  or 
bicarbonate  does  not  act  upon  the  secretory  mechanism  of  the 
stomach,  but  only  upon  the  juice  already  secreted,  by  neutral'zing 
it  and  rendering  the  gastric  contents  alkaline." 

The  CO2  thus  liberated  may  cause  annoying  distention.     The 

amounts   of   bicarbonate    necessary   may   become   excessive   when 

I  compared  with  the  magnesii  usta  (MgO),  which  has  a  four   times 

I  greater  binding  power  for  HCl,  while  the  salt  thus  formed  has  a 

'\  later  cathartic  effect,  which,  according  to  Illoway,  constitutes  removing 

the  cause  of  the  hyperchlorhydria. 

{c)  Acids. — From  a  therapeutic  viewpoint  the  introduction  of  acids 
often  seems  desirable  (see  Hypochlorhydria),  but,  as  Ewald  has 
pointed  out,  becomes  difficult  on  account  of  the  enormous  quantities 
required.  Ivct  it  be  recalled  that  100  gms.  of  milk  require  0.3  to  0.5 
gm.  of  pure  HCl;  of  beef,  mutton,  pork,  and  ham,  about  2  gms.  of 
pure  HCl,  and  potato  and  bread,  from  0.3  to  0.5  gm.  of  pure  HCl 
to  saturate  their  protein  affinities.  (C.  E.  Simon.)  Also  that  0.37  gm. 
of  pure  HCl  are  contained  in  10  c.c,  or  150  gtts.,  of  diluted  HCl 
(U.  S.  P.). 

The  good  effects  usually  obtained  from  even  small  doses  can,  on 
the  basis  of  recent  experiments,  be  attributed  to  the  action  of  more 
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Wgbly  acid  chyme  in  the  duodenum,  and  the  more  thorough  dis- 
^iifection  of  the  food. 

Camion's  demonstration   of   the  effect    of    HCl    in   promoting 
^Mtomatic  pyloric  relaxation  will  help  to  throw  light  on  the  benefit 
^^rived  from  administration    of  small  doses  of  HCl  clinically  in 
^^ses  of  hypochlorhydria. 

(i)  Bitter  Tonics  and  Stomachics. — ^The  various  experimental  and 
^^linical  results  are  harmonized  and  quickly  summed  up  by  the  state- 
^^lent  of  Pawlow:**    "It  is  the  universal  opinion  of  the  earlier  and 
l^ter  physicians  that  bitters  increase  the  appetite,  and  if  this  be  so 
^veryUiing  is  said.    A  person  who  suffers  from  digestive  disturbances 
y%as,  moreover,  a  blunted  taste,  a  certain  degree  of  gustatory  indiffer- 
^^nce.     The  ordinary  foods  now  appear  tasteless.     They  not  only 
^trouse  no  desire  for  eating,  but  may  even  caq^e  a  feeling  of  dislike ; 
"tJiere  is  no  sense  of  taste,  or,  at  the  best,  a  perverse  one.    It  is  neces- 
sary, therefore,  that  the  gustatory  apparatus  should  receive  a  strong 
stimulus  in  order  to  restore  a  normal  sensation.     As  experience 
teaches,  this  object  is  most  quickly  attained  by  exciting  sharp,  un- 
pleasant gustatory  impressions,  which  by  contrast  awaken  the  idea  of 
pleasant  ones,  and  here  a  physiologic  law  is  illustrated.     The  light 
appears  brighter  after  darkness,  a  souiid  louder  after  silence,  and  so  on . " 
The  action  of  some  of  the  bitter  tonics,  as  strychnine  and  alcohol, 
on  the  gastric  musculature  should  not  be  lost  sight  of.     Pawlow 
explains  the  action  of  bitters  in  the  stomach  by  referring  to  the  fact 
that  certain  impulses  from  the  cavity  of  the  stomach  are  necessary 
for  the  excitation  of  appetite,  and  thinks  that  bitters  may  also  produce 
such  impulses. 

(e)  Antiseptics  and  Antizymotics,  such  as  carbolic  acid  and  resorcin, 
^9-naphthol,  arsenous  acid,  volatile  oils,  and  chloroform,  are  often 
administei-ed  to  inhibit  bacterial  multiplication.  The  drug  used 
must  not  be  very  irritant,  nor  very  poisonous  in  the  concentration 
required  to  disinfect  the  contents.  For  that  reason  it  is  necessary  to 
cite  only  a  few  from  the  long  lists  of  such  remedies  tabulated  by 
Boer  and  von  Langelsheim,  Behring  and  Sternberg,  and  Micquel. 

The  bactericidal  powers  (killing  anthrax  bacilli  in  two  hours)  for 
alcohol  is  1:10;  for  carbolic  acid,  1:50;  for  creosote,  1:25,  and  for 
sodium  arsenate,  1 :  250.  The  antiseptic  or  bacterial  inhibiting 
power  of  course  is  much  greater — e.g.,  alcohol,  1:15:  creosote, 
1:250;  eucalyptol,  1:150,  and  carbolic  acid,  1:500. 

It  is  further  to  be  considered  that  excess  of  albumen  can  render 
many  substances,  especially  the  inorganic,  inert;  and  that  in  strong 
solution  these  remedies  become  antizymotic — L  e,,  interfering  with 
the  action  of  the  enzymes. 

2.  From  Internal  Sources. — Such  a  contamination  consists  most 
commonly  of  abnormal  secretions,  excretions,  or  exudations  derived 
from  the  stomach. 
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(a)  The  Stomach. — ^Either  in  the  form  of  {a)  drugs  excreted;  of 

.  these   morphine   is   most   important.     Repeated   gastric   lavage  is 

.  necessary  in  intoxication  by  this  alkaloid  to  remove  from  time  to 

I  time  the  portions  thus  re-excreted.    Morphine  can  be  found  in  the 

stomach  contents  after  hypodermic  administration. 

(/9)  Products  of  Metabolism,  such  as  urea  in  renal  insufficiency, 
may  contaminate  the  gastric  juice.  Fenwick  states  that  the  gastric 
mucosa  is  capable  of  excreting  urea  like  the  intestinal'fnucosa.  Sugar 
has  not  been  found  in  diabetes. 

{f)  Exudation  Products,  like  the  albuminous  secretion  of  an 
ulcerated  carcinoma  or  peptic  ulcer,  are  sought  for  as  a  diagnostic 
sign.  Salomon,"  upon  assuring  himself  that  the  stomach  is  empty 
after  a  twenty-four-hour  fast,  during  which  time  a  single  meal  free 
from  albumen  is  given,  which  is  followed  in  four  hours  by  a  lavage, 
washes  out  the  stomach  with  400  c.c.  of  water  after  a  night's  rest, 
and  finds  albumen  containing  at  least  20  mgms.  of  N  in  100  c.c.  of 
wash  water. 

{d)  Blood  is  a  frequent  abnormal  admixture  of  the  stomach  con- 
tents. Exclusive  of  that  which  has  been  swallowed,  it  is  derivetl  from 
erosion  of  large  vessels,  or  by  oozing  from  an  ulcerated  or  abraded 
surface. 

(i)  The  causes  which  und^lie  gastric  hemorrhage  can  be  classed 
as  systemic  conditions,  such  as  hemorrhagic  diathesis — viz.,  scurvy, 
purpura,  haemophilia,  severe  chronic  anaemia,  and  jaundice. 
Acute  ijifectious  diseases — viz.,  yellow  fever,  smallpox  and  acute 
yellow  atrophy  of  the  liver.  Chronic  nephritis  and  melcena  neona- 
torum, and  local  causes,  such  a.s  gastric  ulcer,  where  it  occurs  in 
50  per  cent,  of  all  cases.  Malignant  tumors  are  the  next  most 
frequent  cause.  Passive  congestion,  either  the  result  of  heart  and  lung 
disease  or  from  portal  obstruction.  Preble^*  was  able  to  collect  60 
fatal  causes  complicating  hepatic  cirrhosis.  Acute  congestion  from 
intense  acute  inflammation  or,  rarely,  a  phenomenon  of  vicarious 
menstruation. 

Traumxitic,  cither  the  result  of  a  direct  injury  and  from  foreign 
IkxHcs,  liki'  a  stomach-tuln*;  or  by  violent  acts  of  vomiting,  as  in 
pregnancy  and  seasickness.  Erosions  of  the  gastric  mucosa,  either 
caustic,  thermal,  or  from  hyperchlorhydria  and  hyperacidity. 

Diseases  of  the  gastric  bloodvessels,  as  in  gastritis,  especially  the 
toxic  and  chronic  varieties,  fatty  and  amyloid  degeneration,  or 
miliary  aneurysms  and  varices.  Also  from  a  ruptured  aneurysm  or 
abscess  of  adjacent  organs. 

(II)  The  effects  of  gastric  hemorrhage,  when  copious  or  oft  repealed, 
may  lx»come  general,  resulting  in  an  ana*mia,  which  is  dependent 
upon  the  amount  of  blood  lost.  The  local  manifestations  are  more 
often  encountered.  Color  variations,  from  a  bright  red  to  a  brownish- 
black,  resembling  coffee-grounds,  ih^pcnd  U[Km  the  length  of  time 
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the  blood  has  remained  in  the  stomach,  the  acidity  of  the  con- 
tents, the  rate  of  hemorrhage,  and  whether  arterial  or  venous. 
Hence,  the  vomiting  of  bright-red  blood,  following  the  distention  of 
the  stomach,  or  occurring  as  a  constitutional  symptom  of  the  resultant 
general  anaemia,  in  ulcer  of  the  stomach  when  large  vessels  become 
eroded,  in  contrast  to  the  cofTee-ground-like  vomitus  seen  in  carci- 
noma. The  vomiting  here  is  a  symptom  of  motor  insufficiency,  while 
the  blood  gradually  oozing  from  an  ulcerated  surface  continually 
mixes  with  the  stagnated  acid  contents  and  is  turned  black. 

When  the  blood  passes  on  into  the  intestines  it  always  undergoes 
further  changes,  resulting  in  a  tarry  discoloration  of  the  stools,  but 
these  decomposition  products  still  give  Almen's  and  Teichmann's 
blood  tests,  thus  affording  a  means  of  recognizing  even  minute  hemor- 
rhages when  blood  is  excluded  from  the  diet. 

Chemical  effects,  as  the  neutralizing  of  the  stomach  acids  by  the 
alkalies  and  albumins  of  the  blood,  render  the  digestion  of  large 
blood  masses  difficult.  Absence  of  an  appetite  juice  and  the  acute 
aniemia  which  necessarily  results  are  important  secondary  factors 
in  bringing  about  the  acute  indigestion  and  vomiting  which  often 
follows  gastric  hemorrhage. 

Blood  oozing  from  a  thoracic  aneurysm  and  entering  the  stomach 
through  the  oesophagus,  or  swallowed  blood,  may  also  be  vomited; 
thus  hflematemesis  and  gastric  hemorrhage  are  not  synonymous 
terms. 

(6)  Swallowed  from  the  Month. — From  this  source  the  abnormal 
salivary  and  buccal  secretions  and  hemorrhage  have  already  been 
considered.  The  effects  of  swallowed  mucus  do  not  differ  essentially 
from  mucus  secreted  in  the  stomach,  except  that  the  mechanical 
impediment  to  digestion  cannot  be  so  marked  because  of  the  incom- 
plete admixture.  Such  mucus  always  occurs  in  larger  masses,  never 
intimately  mixed  with  the  contents,  and  upon  microscopic  exami- 
nation is  found  to  contain  squamous  epithelial  cells  from  the  mouth 
and  dust-laden  epithelial  cells  from  the  respiratory  passages,  both  of 
which  are  entirely  foreign  to  the  stomach. 

Bacteria,  present  in  the  mouth  or  entering  it  from  adjoining 
canities,  like  the  nares,  larynx,  or  trachea,  frequently  are  swallowed, 
especially  by  children  and  semicomatose  individuals.  Of  these  the 
pneumococcus  and  tubercle  bacillus,  although  often  abundant,  are 
rarely  provocative  of  Icvsions,  while  Klebs-I^effler  bacilli  may  set  up 
a  diphtheritic  gastritis.  Swallowed  leptothrices  have  bt^en  mistaken 
for  Oppler-Boas  bacilli. 

(c)  Regurgitated  from  the  Intestine. — Resulting  from  the  filling-up 
process  or  reversed  peristalsis  which  occurs  in  intestinal  obstruction, 
or  by  forcing  back  the  duodenal  contents  through  violent  acts  of 
vomiting  or  retching.  Such  accidents  can  occur  while  the  stomach 
is  full  only  when  pyloric  insufficiency  results. 

26 
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The  Effects. — Although  quite  uniformly  associated  with  arrested 
peptic  digestion  by  the  regurgitated  alkalies,  vary  somewhat  with  the 
other  abnormal  constituents — e.  g,,  (i)  the  Bile  checks  peptic,  digestion 
by  complete  neutralization  of  the  HCl,  and  deposits  a  resinous, 
flocculent  precipitate  of  bile  acids  and  syntonin. 

The  vomiting  which  occurs  so  frequently  is  usually  the  cause  and 
not  the  effect  of  biliary  regurgitation.  Small  quantities  of  bile  do  not 
interfere  with  gastric  digestion.    (Riegel.) 

(ii)  The  Pancreatic  Juice,  after  neutralizing  the  HCl,  becomes 
active  and  by  means  of  its  trypsin  disintegrates  the  pepsin. 

(in)  Fecal  Material  from  the  lower  intestine  usually  leads  to  rapid 
fining  of  the  stomach,  and  emptying  by  acts  of  gulping  and  vomiting, 
which  are  more  or  less  characteristic  of  the  filHng-up  process.  The 
vomitus  is  at  first  bile-stained  and  has  a  feculent  odor,  while  later  it 
becomes  stercoraceous.  The  contents  of  the  transverse  colon  may 
enter  the  stomach  by  a  fistula,  the  result  of  carcinomatous  ulceration. 

(iv)  Intestinal  Parasites,  like  ascaris  lumbricoides  and  hook-worms, 
may  enter  the  stomach  and  be  vomited,  while  the  eggs  of  taenia 
solium  can  have  their  operculum  digested,  allowing  the  larval  stage 
of  the  parasite  to  develop.  These  larva?,  subsequently  deposited  in 
the  tissues  and  viscera,  l)ecome  encysted  and  are  known  as  cysticerri 
cellulosa. 

2.  MOTOR  DISTURBANCES. 


a.  Motor  Insufficiency. 


^ 


^i 


Motor  insufpciencj/  alone  signifies  a  perversion  of  function  in  which 
the  motor  powers  arc  insufficient.  Ectasy  means  dilatation  or  perma- 
nent enUirgenient  of  tlie  stomach  combined  with  motor  insufficiency. 

A  stomach  abnormally  large  and  distensible,  without  motor  insuf- 
ficiency, is  known  as  a  megalogastria  and  may  occur  as  a  congenital 
anomaly,  but  more  commonly  results  from  continuous  overeating 
and  excessive  drinking;  hence  is  seen  in  vegetarians  and  beer  drinkers. 

1.  The  Causes. — Certain  conditions,  either  general  or  local,  pre- 
dispose to  muscular  atony.  («)  Of  the  general  factors  should 
be  mentioned:  (i)  Aniemia  and  cachectic  states;  (ii)  excesses: 
sexual,  tobacco,  and  alcohol;  fiii)  sudden  and  violent -emotions ;  (iv) 
narcotics,  like  alcohol,  chloroform,  and  ether;  (v)  organic  nervous 
discjuse,  and  (vi)  luTcditarv  weak  stomach. 

(ji)  Tfie  I.o('ai.  Pki:i)isi»().six(j  Conditions  Are:  (i)  diseases  of 
the  gastric  musculature — viz.,  carcinoma,  chronic  gastritis,  toxic  gas- 
tritis, traumatism,  and  cirrhosis  of  the  stomach;  (ii)  dislocations  of 
the  stomach,  as  gastroptosis,  vertical  position,  and  ventral  hernia; 
(hi)  pyloric  obstruction,  either  malignant  (61  per  cent,  of  gastric 
carcinomata  involving  the  pylorus  [Welch])  or  benign.   The  benign 
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causes  of  pyloric  obstruction  may  be  intrinsic,  such  as  foreign 
bodies  and  polypi;  interstitial,  as  pylorospasm,  cicatrix  from  ulcer 
or  toxic  gasUitis,  hypertrophy  of  the  pyloric  musculature,  either 
congenitsd  or  acquired  after  prolonged  pylorospasm,  and  stenotic 
hypertrophic  gastritis;  and  extrinsic,  as  peritoneal  adhesions  from 
cholecystitis  or  perigastritis,  tumors  of  the  pancreas  and  liver,  and 
sometimes  by  traction  from  a  floating  kidney. 

The  Mode  of  Production  gives  rise  to  a  classification — viz.,  (a) 
Motor  Insufficiency  may  be  (i)  Simple — i.  e.,  a  pure  perversion  of 
function  resulting  from  a  primary  reduction  of  muscular  power  or 
when  the  quantity  of  material  to  be  propelled  is  abnormally  large, 
(ii)  Relative.  Here  an  abnormal  resistance  is  opposed  to  the  exit 
of  ingesta  and  a  hypertrophic  muscularis  develops,  which  even  by 
violent  peristalsis  is  unable  to  pass  the  food  through  the  stenosed 
orifice  in  the  usual  length  of  time. 

(Ji)  G  ASTRECTASis. — ^This  begins  in  the  dependent  parts,  as  along  the 
greater  curvature  and  fundus,  and  when  due  to  pyloric  stenosis  may 
become  extensive  and  lead  to  an  ultimate  atrophy  of  the  muscularis. 

The  dilatation  can  occur  as  a  (i)  Primary  process  and  be  either 
acute  following  a  traumatism  or  occurring  postoperative,  during  acute 
infectious  disease,  or  as  a  reflex  disturbance  in  acute  peritonitis, 
or  chronic.  This  variety  ultimately  supervenes  in  cases  of  simple 
motor  insufficiency,  (ii)  Secondary  ectasia  results  from  pyloric 
stenosis,  usually  runs  a  chronic  course,  and  is  often  preceded  by  a 
period  of  relative  motor  insufficiency. 

2.  The  Effects. — Whenever  insufficiency  of  the  stomach  muscu- 
lature results,  digestive  disturbances  develop  immediately;  thus  the 
greater  importance  of  good  motility  as  compared  even  with  the  HCl 
secretion. 

(a)  The  Mechanical  Disturbances  Are:  (i)  The  stagnation  of 
food,  varying  from  the  retention  of  a  few  solid  morsels  beyond  the 
seventh  hour  to  almost  a  complete  stasis  in  high  degrees  of  pyloric 
constriction,  (ii)  The  improper  retention  of  food  by  the  sphincter 
antri  pylorici  in  the  various  physiologic  compartments  of  the 
stomach,  thus  allowing  unrestrained  mixture  of  the  entire  contents, 
(ni)  Deficient  mixture  of  the  food  and  gastric  juice  results  especially 
when  the  movements  of  the  pyloric  portion  are  disturbed.  (Cannon.") 
(iv)  Fluids  which  normally  are  held  firmly  in  the  grasp  of  the  gastric 
muscle  are  now  unrestrained.  When  under  these  conditions  sudden 
pressure  is  brought  to  bear  upon  them  and  gas  is  present  in  sufficient 
amounts,  a  splashing  sound  is  heard,  (v)  The  constantly  over- 
weighted stomach  may  be  subject  to  do  urn  ward  displacement  (gas- 
troptosis).  This  occurs  rarely  in  toto,  on  account  of  the  fixed 
canliac  end,  but  consists  chiefly  in  a  forcing  down  of  the  more 
movable  pyloric  portion,  (vi)  By  constant  distention  pressure 
effects  are  brought  to  bear  on  adjoining  viscera.    The  tympanitic 
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distention  of  the  abdomen  which  results  is  greatly  aggravated  by 
secondary  gaseous  fermentation  in  the  intestine. 

(/?)  The  Chemical  Variations  resulting  are  dependent  chiefly  on 
the  degree  of  mechanical  disturbance,  but  are  influenced  by  the  under- 
lying cause  and  the  functional  perversions  of  the  gastric  glands. 
Hypochlorhydria  and  excessive  secretion  of  mucus  producing  the 
effects  previously  described.  In  carcinoma,  excessive  lactic  acid 
fermentation,  associated  with  a  luxuriant  growth  of  Oppler-Boas 
bacilli  occurs  very  early,  even  before  a  high  degree  of  motor  in- 
sufficiency develops.  Much  smaller  quantities  of  lactic  acid  are 
formed  in  pronounced  cases  of  benign  origin,  and  yeast  cells  and 
sarcinae  ventriculi  are  more  apt  to  be  present. 

(i)  Saprophytic  Infection. — ^This  results  whenever  the  ingesta 
become  stagnated,  or  are  not  kept  constantly  in  motion  by  the  churning 
movements  of  the  stomach.  Decomposition  prodttcts,  chiefly  adds 
and  gases,  are  formed  in  place  of  the  normal  products  of  digestion. 
The  complexity  of  the  substances  thus  formed  can  best  be  compre- 
hended by  considering  the  influences  of  various  possible  conditions, 
as  the  nature  of  the  food,  secretion  of  gastric  juice,  motility  of  the 
stomach  and  intestine,  and  the  bacteria  present  in  the  stomach, 
mouth,  and  food. 

Putrefaction  and  fermentation  may  occur  simultaneously,  and 
one  or  the  other  may  predominate.  Practically  we  recognize  the 
products  which  predominate,  and  speak  of  lactic  acid,  acetic  acid; 
alcoholic,  gaseous,  and  hydrogen  sulphide  fermentation;  while 
clinically,  from  the  complex  picture  resulting  from  autointoxication, 
it  is  shown  that  many  other  substances  are  formed. 

Abundant  formation  of  laetic  acid  occurs  when  anachlorhydria 
exists  with  motor  insufficiency.  (Strauss.'")  But,  according  to  Hem- 
raeter,  the  following  conditions  must  also  be  fulfilled:  absence  of 
protein  digestion,  delayed  absorption,  and  the  presence  of  lactic  add 
bacilli.  Lactic  acid  fermentation  can  be  induced  by  a  variety  of 
micro-organisms,  and  only  when  accompanjang  cardnoma  or  follow- 
ing the  atrophic  gastritis  in  potassium  poisoning  (Schmidt")  is  due 
to  the  Oppler-Boas  bacillus.  Here  a  complete  anachlorhydria  is 
always  present. 

Alcoholic  fermentation  can  be  carried  on  in  either  an  alkaline  or 
acid  medium :  -{^(^  per  cent.  HCl  does  not  interfere  seriously  with  the 
multiplication  of  the  saccharomyces  and  sarcinse  ventriculi,  while 
a  j,y  per  cent,  solution  is  not  entirely  incompatible  with  the  growth 
of  these  organisms.  In  hypochlorhydria,  and  even  hyperchlorhydria 
with  motor  insufficiency,  this  form  of  fermentation  is  not  an  infrequent 
occurrence. 

Gaseous  fermeniaiion  very  frequently  observed  is  often  combined 
with  the  fformation  of  other  products — as  the  CO,  in  alcoholic 
fermentation. 
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QH„0,  +  H,0  =  2C3H,OH  +  200,  +  H,0,  and  is  also  asso- 
ciated with  butyric  acid  production.  QH,jOj  =  QHgO,  +  CO, 
+  2H,. 

H^  is  sometimes  encountered  as  a  product  of  protein  putrefaction. 

Btdyric  and  acetic  add  formation  depends,  according  to  Boas,  upon 
the  same  factors  as  the  production  of  lactic  acid. 

(ii)  Digestive  Disturbances. — ^These  not  infrequently  precede  the 
motor  insufficiency  as  the  result  of  diminished  secretion.  As  soon 
as  the  tonicity  of  the  gastric  musculature  is  lost,  salivary  digestion, 
which  in  health  b  carried  on  in  the  food  mass  held  in  the  fundus  for 
several  hours  (Davy  and  Cannon),  may  be  arrested  much  earlier. 
Iliis  appears  especially  in  those  cases  where  hyperacidity  supervenes 
in  the  stomach. 

Gastric  Digestiofi  is  primarily  interfered  with,  except  in  cases  of 
relative  motor  insufficiency,  by  the  insufficient  mixing  of  the  food 
and  gastric  juice.  But  far  more  important  are  the  secondary  effects 
resulting  from  saprophytic  multiplication.  Here  irritating  substances 
are  formed  from  the  foods  to  be  digested,  yes,  even  from  the  enzymes 
themselves,  which  induce  inflammatory  changes  in  the  mucosa, 
resulting  in  a  secondary  diminution  of  secretion. 

(y)  The  Anatomical  Changes. — ^These  result  from  (i)  chemical 
action  of  the  abnormal  acids,  like  the  butyric,  oxalic,  formic,  and  other 
bacterial  products  which  are  formed.  The  inflammatory  changes 
which  are  induced  are  not  limited  to  the  mucous  membrane,  but 
may  extend  to  the  muscular  coat  and  lead  to  secondary  weaken- 
ing, (u)  The  mechanical  effects  of  the  food  rruiss  retained  and  gases 
liberated  play  an  important  role  in  continuing  a  dilatation  once  begun. 

(S)  Sensory  Disturbances. — (i)  Subjective  phenomena  may  be 
manifold,  varying  from  a  slight  feeling  of  epigastric  oppression, 
weight,  and  distention,  to  interference  with  excursions  of  the 
diaphragm,  and  palpitation,  bradycardia,  or  even  cardiac  failure, 
especially  when  the  heart  is  also  diseased. 

Pain  is  not  marked  unless  cancer  or  ulcer  is  coexistent  with  the 
dilatation.  When  obstruction  exists  at  the  pylorus  a  feeling  of  unrest 
may  follow  the  ingestion  of  food,  which  results  from  spasmodic 
movements  of  the  hypertrophied  musculature. 

The  appetite  remains  normal  at  the  onset,  while  in  advanced  cases, 
where  the  stomach  acts  merely  as  a  reservoir  to  retain  the  food  until 
vomited,  satiation  results  rapidly.  In  carcinoma  anorexia  and  a  dis- 
taste for  meats  is  especially  marked,  even  before  a  high  degree  of 
ectasia  develops. 

Thirst  is  always  increased  and  becomes  more  pronounced  with 

advancing  dilatation.    In  some  cases  liquids  by  forming  a  softer  pulp 

with  the  food  mass  may  assist  its  passage  through  the  pylorus.  Water 

is  not  absorbed  in  the  stomach. 

Nausea  is  rarely  a  prominent  symptom,  except  when  large  volumes 


406  SPECIAL  PHYSIOLOGY 

of    mucus  accumulate,  as    in  alcoholic  gastritis,  or  from  special 
decomposition  products. 

(ii)  The  objective  symptoms  which  depend  on  sensory  impulses 
are  belching  of  gas  and  eructations.  These  occur  only  when  fermenta- 
tion follows  the  stagnation  of  food,  or  when  large  volumes  of  air  and 
gas  are  swallowed  (aerophagia).  Through  the  nervous  mechanism 
the  cardia  becomes  relaxed,  and  admits  the  regurgitation  of  accumu- 
lated gases  and  irritating  foods.  Contents  thus  escaping  into  the 
oesophagus,  unless  lifted  into  the  mouth  by  the  gas  tension,  remain 
in  contact  with  its  lower  portion  for  variable  lengths  of  time,  and 
set  up  painful  sensations  (cardialgia)  and  burning  (pyrosis).  WTien 
reaching  the  pharynx  (water  brash)  they  lead  to  chronic  inflammatory 
changes  in  the  neighboring  mucous  membranes,  which  so  often 
constitute  a  part  of  the  clinical  picture  in  gastric  disorders.  The 
gradually  escaping  gases  and  the  oral  condition  result  in  a  fcetor  ex  ore, 

Vomiiing  is  seen  chiefly  in  the  advanced  cases  of  secondary  gastrec- 
tasia.  The  attacks  occur  at  irregular  intervals  and  bear  no  relation 
to  the  stage  of  digestion.  They  occur  suddenly  and  are  rarely  pre- 
ceded by  much  nausea,  it  appearing  as  though  the  stomach  were 
simply  overflowing.  When  hypertrophy  of  the  muscularis  is  present 
they  may  be  preceded  by  cramp-like  pains,  and  if  hyperacidity  is 
marked  the  vomiting  seizure  seems  to  occur  as  an  attempt  to  relieve 
the  condition. 

Large  quantities  are  vomited  at  one  time,  and  often  remains  of 
food  eaten  a  few  days  before  are  present  in  the  vomitus.  Pathologic 
admixtures  have  diagnostic  significance — as  the  mucus  in  gastritis, 
coflFee-ground-like  altered  blood  in  carcinoma,  bright-red  blood  in 
ulcer,  and  bile  in  pyloric  insufficiency  or  duodenal  obstruction.  Later 
when  the  dilatation  becomes  extreme,  vomiting  occurs  less  frequently 
and  the  putrefactive  changes  are  more  pronounced.  The  feeling  of 
relief  experienced  l)ecomes  less  and  less. 

(s)  The  Constitutional  Effects. — ^These  are  the  consequences 
of  malnutrition  and  autointoxication,  which  result  from  the  disturbance 
of  gastric  and  intestinal  digestion. 

(i)  The  nwrbid  processes  which  underlie  these  changes  begin  in 
the  stoniachj  where  obnoxious  substances  are  formed  at  the  expense 
of  the  ingested  nourishment.  The  amount  of  food  which  actually 
enters  the  intestine  in  some  advanced  cases,  where  either  an  extreme 
anorexia  prevails  or  regular  vomiting  occurs,  is  greatly  reduced,  as 
is  shown  by  the  small  amounts  of  feces  passed.  From  120  to  150  gms. 
of  solid  feces  are  passed  normally,  while  in  cases  of  advanced  dilata- 
tion as  low  a.s  50  gms.,  on  an  average,  are  voided  in  twenty-four  hours. 

In  the  intestines  the  fermentative  processes  continue  not  only 
(luring  the  usual  length  of  time  re((uired  for  the  passage  of  food 
through  this  tuln*,  hut  over  prolonged  periods  on  account  of  the 
intestinal  atony. 
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Constipation  is  usually  obstinate*,  but  may  be  interrupted  by 
diarrhceal  attacks  induced  by  the  acid  contents.  During  these  attacks 
the  food  is  hurried  along,  and  while  saproph)i:ic  action  is  cut  short 
absorption  is  greatly  impeded. 

(ii)  The  Systemic  Alterations, — Exclusive  of  those  which  are 
dependent  upon  the  cause  of  the  motor  derangement  the  nutritional 
disturbances  are  the  most  constant. 

Emaciation  progresses  rapidly  in  the  more  advanced  forms  of 
ectasy,  while  in  the  milder  degrees  of  motor  insufficiency  the  general 
nutrition  is  not  much  altered.  The  caloric  loss  through  bacterial 
multiplication  and  emesis  cannot  be  made  good  by  increased  alimenta- 
tion, unless  carefully  regulated.  Thus  the  tissues  of  the  body  are 
called  upon  to  meet  the  caloric  requirements. 

Nutrition  is  also  affected  by  the  deficient  amoimt  of  water  which 
is  presented  for  absorption.  Although  thirst  is  a  constant  symptom 
in  the  higher  grades  of  motor  derangement,  oliguria  runs  parallel 
with  the  degree  of  dilatation  (Boas),  and  the  feces  contain  30  to  40 
per  cent,  less  water  than  in  health.  J  jet  it  be  recalled  that  practically 
no  water  is  absorbed  from  the  stomach. 

Kussmaul  attributed  the  tetany  sometimes  observed  to  a  dehydra- 
tion of  nerve  tissue.  Acetone  in  the  urine  points  to  carbohydrate 
starvation,  and  diminutions  of  urea  and  sodium  chloride  are  also 
evidences  of  malnutrition. 

Aidoinioxication  may  lead  to  a  variable  assemblage  of  symptoms, 
and  a  latent  form  is  recognized  by  Bouchard.^ 

To  decide  whether  it  is  due  to  anomalous  gastric  or  intestinal 
fermentation  introduces  the  subject  of  absorption  in  the  stomach. 
Meltzer**  left  200  mgms.  of  strychnine  in  the  stomach  of  a  dog  with  a 
ligated  pylorus  for  many  hours  and  failed  to  produce  convulsions. 
Yet  potassium  iodide  appears  in  the  saliva  in  less  than  fifteen  minutes 
after  it  is  taken,  but  in  the  higher  degrees  of  atrophy  even  its  absorp- 
tion b  delayed  sometimes  for  two  hours. 

Nervous  symptoms  usually  predominate,  such  as  headache,  stupor, 
depression,  disinclination  for  work,  restlessness,  and  hj'pochondriasis. 
Vertigo  is  frequently  complained  of  in  advanced  cases,  and  may 
take  the  form  of  an  agoraphobia.  Tetany  is  one  of  the  more  serious 
complications,  and  a  fonn  of  coma  may  sometimes  terminate  the 
scene,  especially  in  cancer.  Kussmaul  attributed  these  accidents  to 
rapid  absorption  of  toxic  substances. 

The  cardiopulmonary  symptoms,  as  the  {)alpitation,  asthmatic 
attacks,  and  cough,  cannot  always  Ik»  attributed  to  purely  mechanical 
effects.    Arteriosclerosis  can  result  from  intestinal  putrefaction. 

A  multitudinous  variety  of  cntanrous  afjrctioris  are  attributed  to 
digestive  disorders,  such  as  urticaria,  acne,  eczema,  and  evanes<*ent 
erythemas. 

A  curious   relationship  seems   to  exist   between   certain   chronic 
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deforming  arthriiisms  and  gastric  disorders,  as  was  shown  clinically 
by  Bouchard  twenty  years  ago,  and  recently  demonstrated  diemically 
by  Helen  Baldwin'"  in  Herter's  laboratory. 

In  the  urine  combinations  of  the  aromatic  rings  split  from  protein 
molecules  during  putrefactive  processes  occur,  as  ethereal  or  conjugate 
sulphates,  of  which  indoxyl  potassium  sulphate  (indican)  is  the  most 
abundant.  Sometimes  the  uric  acid  is  increased;  oxalic  and  volatile 
fatty  acids  may  be  present.  Odoriferous  gases  may  escape  from  the 
freshly  voided  urine  in  small  amounts. 

6.  Pyloric  Insufficiency. 

1.  Causes. — Incontinence  of  the  pylorus,  though  of  rare  occurrence, 
is  most  commonly  dependent  on  (i)  organic  disease,  as  inflanunatory 
infiltration  in  acute  and  chronic  gastritis,  and  more  rarely  to  car- 
cinomatous invasion.  An  atonicity  of  the  pylorus  may  be  asso- 
ciated with  a  chronic  primary  gastrectasia.  (ii)  A  functional  relax- 
ation may  follow  when  extreme  pressure  is  brought  to  bear,  as  in 
cases  of  intestinal  or  duodenal  obstruction.  Through  nervous 
impulses  a  paralysis  may  occur  in  cases  of  myelitis  and  hysteria. 

2.  Effects. — Unrestrained  passage  of  material,  either  one  way  or 
the  other,  can  now  occur:  (i)  From  the  failure  to  retain  the  stomach 
contents  until  sufficiently  disintegrated,  or  attaining  the  usual  trans- 
formation, larger  food  masses  escape  peptic  digestion  and  in  the 
intestine  set  up  mechanical  irritation.  Favored  by  augmented 
intestinal  motility  the  digestion  of  such  morsels  is  rarely  completed. 

Gas  formed  in  the  stomach,  swallowed,  or  introduced  artificially, 
rapidly  enters  the  intestine.  Idiopathic  tympanites,  as  seen  in  hysteria, 
may  follow  aerophagia  in  these  cases. 

(ii)  By  allowing  free  regurgitation  of  duodenal  contents,  bile  and 
pancreatic  juice  often  enter  the  stomach.  Bile  can  be  obtained  by 
lavage  in  these  cases  during  times  when  the  stomach  should  be  empty. 
In  intestinal  obstruction  of  the  usual  type,  the  pyloric  paralysis  allows 
filling  of  the  stomach  by  feculent  material. 

c.  Insufficiency  of  the  Cardia  (Rumination).      ' 

Normally  the  tone  of  the  cardiac  sphincter  is  less  than  that  of  the 
pylorus,  and  when  the  stomach  is  overdistended  with  gas  relaxation 
of  the  cardia  results  in  belching. 

1.  Causes. — Cardiac  relaxation  is  most  commonly  associated  with 
motor  insufficiency,  and  occurs  when  the  stomach  contents  are  ejected 
by  emesis.  An  idiopathic  form  is  seen  in  individuals  with  a  certain 
nervous  or  hereditary  predisposition.  Psychic  irritations  and  badly 
masticated  food  may  bring  on  the  attacks.  Sometimes  relaxation  can 
1h»  voluntarily  induced. 
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^  2.   Eesolts. — ^When  only  gas  and  air  escape  (belching)  but  slight 

distress  is  experienced.    Regurgitation  of  food  masses  gives  rise  to 

unpleasant  sensations  and  are  expectorated.  Rumination ,  or  merycism, 

/^  the  term  applied  when  ingesta  that  have  risen  to  the  mouth  are 

"nixxediately  swallowed  again. 

T*lie  taste  and  local  effects  of  the  regurgitated  material  depend 

^P^^»  the  stage  of  gastric  digestion.    An  insufficient  tone  of  the  cardia 

'^^-i^  allow  a  continuous  and  gradual  escape  of  gases,  which  result  in 

*^^     sour  odor  emanating  from  the  mouth  of  those  afflicted  with 

S^-^^ric  fermentation. 

d,  Hypermotility.       ^ 

Tlypermotility  is  the  term  applied  to  a  simple  acceleration  of  the 
^^otor  function  of  the  stomach,  while  "gastrospasm"  and  "peristaltic 
Purest"  (Kussmaul)'®  are  neuroses  which  may  produce  distressing 
Symptoms. 

1.  Causes. — Hyperkineses  or  augmented  motor  activity  of  the  stom- 
ifcch  may  result  from:  (i)  Chemical  influences.  '^Fhe  excess  of  HCl  in 
hypersecretion,  hyperchlorhydria,  and  round  ulcer  usually  leads  to  a 
rapid  emptjdng  of  the  stomach.  Here  the  effects  upon  the  pylorus 
are  probably  primary,  (ii)  Mechanical  causes y  such  as  an  obstructed 
pylorus  or  duodenum,  lead  to  hyperperistalsis.  (iii)  To  nervous 
influences  are  attributed  the  idiopathic  cases,  especially  those  in 
which  spasmodic  activity  results  when  the  stomach  is  empty.  In 
some  cases  of  achylia  gastrica  rapid  passage  of  the  food  into  the 
intestine  occurs. 

2.  Effects. — No  ill-effects  can  occur  from  a  hypermotility,  per  se, 
while  distressing  symptoms  may  develop  in  the  cases  where  other 
functional  perversions  coexist  or  persistaltic  restlessness  results. 
Hypertrophy  of  the  muscular  coat  follows  excessive  function. 

Digestive  disturbances  are  prone  to  develop  when  the  food  is 
passed  rapidly  into  the  intestine.  They  are  dependent  upon  the 
imperfect  transformation  in  the  stomach,  the  effects  of  diminished 
acids  on  the  flow  of  pancreatic  secretion,  the  exposure  of  coarse  food 
morsels  to  the  intestinal  fluids,  and,  lastly,  upon  the  intestinal  hyper- 
motility which  often  prevails  primarily  or  is  induced. 

e.  Pylorospasm. 

1.  Causes. — Spasm  of  the  pylorus  occurs  frequently:  (i)  Chemical 
influences  are  the  usual  cause,  such  as  the  excess  of  HCl  seen  in 
hyperchlorhydria,  hypersecretion,  and  round  ulcer.  Organic  acids 
rarely  set  up  spasms,  (ii)  Mechanical  effects  explain  the  tonic  con- 
traction of  the  pylorus  which  follows  gaseous  distention.  Irritation 
by  coarse  food  morsels  always  results  in  pr()m])t  contraction,  (iii) 
Nervous  influences  are  a  rare  cause  of  primary  pylorospasm. 
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2.  Effects. — ^The  efTects  of  pylorospasm  are  twofold — ^viz.,  pain  due 
to  the  cramp-like  contraction,  and  pyloric  obstruction  with  its  conse- 
quences. Prolonged  overactivity  may  lead  to  physiologic  hyper- 
trophy, thus  rendering  the  stenosis  more  complete. 

/.  Spasm  of  the  Cardia.       , 

1.  Causes. — ^The  causes  of  cardiospasm  are  practically  identical 
with  those  of  spasm  of  the  pylorus,  except  that  uervous  influences 
predominate.  A^Tiile  the  spasm  may  occur  as  a  pure  neurosis,  it  more 
frequently  has  a  quasinervous  substratum,  as  hysteria,  neurasthenia, 
or  even  tetanus. 

2.  Effects. — ^l^he  efTects  vary  with  the  duration  of  the  spasm.  Dis- 
turbances of  deglutition  result,  as  in  obstruction  of  the  oesophagus. 
These  usually  set  in  abruptly  and  show  a  tendency  to  sudden  remit- 
tance and  recurrence. 

The  dilatation  of  the  stomach,  or  so-called  pneumotosis,  seen  in 
cases  of  air  swallowing  (aerophagia)  is  probably  dependent  to  some 
extent  upon  a  coexisting  cardiospasm.  Intragastric  formation  of 
gases  may  sometimes  be  similarly  complicated. 

g.  Vomiting.     ^^  V' 

The  nervous  mechanism  and  description  of  this  complex  act 
having  been  considered  in  a  previous  chapter,  we  can  willingly 
dispense  with  a  further  consideration  at  tliis  point  and  proceed  to 
enumerate  the  manifold  causes. 

1.  Causes. — (i)  Through  centric  influences  vomiting  may  be  in- 
duced. The  rise  of  intracranial  pressure  which  accompanies  tumors, 
meningitis,  and  hemorrhage  is  such  a  force.  The  close  proximity  of 
the  respiratory  and  vomiting  centres  explains  the  frequent  association 
of  vomiting  and  severe  fits  of  coughing,  as  seen  in  whooping-cough. 

Through  toxic  influences  emesis  may  be  produced.  Various 
emetics  like  ajKJinorphine,  tartar  emetic,  ipecacuanha,  senega,  and 
squill;  drugs  like  opium,  chloroform,ether,  alcohol,  and  nicotine,  and 
sewer  gases,  act  through  the  medullary  centre. 

The  toxins  of  many  specific  infections  like  scarlatina,  variola, 
acute  pneumonia,  and  yellow  fever  have  a  similar  effect. 

Autointoxications,  especially  ura^nia  and  cholsemia,  or  metabolic 
perversions  like  gout  and  dial>etes  may  result  in  excitation  of  the 
vomiting  centre.  Hyperemcsis  gravidarum  is  doubtless  often  a  true 
toxiemia. 

Anaemia  of  the  centre  may  lead  to  nausea  and  vomiting:  in  shock, 
syncope,  and  in  severe  acute  or  chronic  general  antemia. 

Through  psychic  influences  vomiting  is  induced  in  hysteria  and 
neurasthenia.     Of  even  more  obscure  origin  is  the  "periodic"  vomit- 
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ng  of  Leyden  and  the  attacks  of  "juvenile  vomiting"  sometimes 
)bserved. 

(ii)  By  Reflex  PatJis. — Reflex  vomiting  is  common  and  the  influences 
nitiating  the  attacks  may  proceed  from  the  most  distant  viscera, 
specialized  sensory  end  organs,  or  the  stomach  mucosa. 

By  silent  impulses  from  the  female  generative  organs  like  a  pregnant 
)r  displaced  uterus;  or  an  uncorrected  refractive  error;  or  worms  in 
he  intestine,  emesis  may  ensue.  Painful  impulses  from  all  sources, 
especially  the  peritoneum,  incarcerated  hernia,  spasmodically  con- 
racting  bile-ducts  and  ureters,  are,  however,  the  most  frequent 
rause. 

But  the  most  important  region  for  such  impulses  is  the  stomach 
tself.  Here  chemical  and  mechanical  means  are  equally  potent, 
rhat  vomiting  is  almost  a  constant  symptom  of  acute  gastric  dis- 
)rders  and  results  normally  whenever  mild  irritants,  like  warm  salt- 
water, are  brought  in  contact  with  the  mucous  membrane,  while  in 
?hronic  gastritis  and  motor  insufficiency  it  fails  to  occur,  is  the  result 
)f  a  certain  blunting  of  this  sense  which  takes  place  in  these  gradually 
leveloping  cases.  Witness  the  comparative  insensibility  of  the 
)harynx  in  atrophic  pharyngitis  to  irritation  otherwise  provocative 
)f  nausea  and  reflex  vomiting. 

Also  note  the  difference  between  the  chronic  overdistention  of  the 
stomach  with  high  grades  of  dilatation  and  the  filling  of  this  viscus 
)y  regurgitation  from  intestinal  obstruction.  In  the  former  instance 
*mesis  is  long  delayed,  and,  indeed,  often  invoked  by  the  patient  to 
nve  him  relief  of  the  increasing  epigastric  distress,  while  in  the  latter 
he  gulping  and  vomiting  attacks  are  often  frequent  and  distressing, 
specially  when  compared  with  the  sensory  disturbances  in  the 
{tomach. 

Vomiting  results  more  regularly  in  chronic  gastric  disorders  where 
idditional  painful  impulses  supervene,  originating  either  in  the 
exposed  surface  of  an  ulcer  or  produced  by  carcinomatous  invasion, 
rhe  acute  pain  and  reflex  action  following  the  administration  of 
caustics  and  irritant  emetics  lead  to  prompt  emesis. 

Spinal  impulses  can  produce  distressing  and  painful  vomiting 
ittacks  such  as  are  seen  in  the  gastric  crisis  of  tal)es.  Similar  attacks 
?an  occur  in  hysteria  and  with  movable  kidney,  as  Dietl's  crises. 

Painful  affections  of  the  central  nervous  system,  like  hemicrania, 
x)ncussion,  and  meningitis,  start  impulses  which  stimulate  the  vomit- 
ng centre,  while  certain  morbid  visual  and  labyrinthine  impressions, 
is  in  seasickness  and  Meniere's  disease  may  also  spread  to  this  centre 
md  set  up  nausea  and  vomiting. 

2.  Effects. — No  generalization  can  state  the  effects  of  vomiting 
ipon  the  organism. 

(i)  Circulatory  phenomena  accompany  the  act.  Traul)e'*  was  the 
irst  to  show  that  at  the  commencement  of  vomiting  typical  vagus 
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pulsations  occur,  resulting  in  a  lowering  of  the  general  arterial  pressure. 
At  the  termination  of  the  attack  the  pulse  becomes  accelerated  and 
the  arterial  pressure  rises  even  above  the  normal.  This  secondarv 
rise  of  blood  pressure,  resulting  when  the  vagus  stimulation  ceases,  is 
dependent  on  the  negative  intrathoracic  pressure  which  existed,  and 
the  influence  of  energetic  muscular  contractions.  The  cutaneous 
manifestations,  as  the  initial  paleness,  which  is  followed  by  an 
exhilaration  and  free  perspiration,  are  explained  by  the  vascular 
changes. 

(ii)  Digestive  alterations  are  necessarily  the  most  pronounced. 
Vomited  material  is  definitely  withdrawn  from  the  organism.  True 
enough,  oftentimes  irritating  and  obnoxious  matter  is  gotten  rid  of 
in  this  way,  thus  sparing  the  stomach  and  the  organism  of  its  ill  effects; 
but,  on  the  contrary,  the  digestive  tract  may  be  unduly  robbed  of  its 
contents,  when  the  vomiting  centre  simply  is  irritated  by  local  disturb- 
ances and  circulating  toxins,  or  wrongly  interprets  impulses  from 
distant  parts  of  the  body. 

(hi)  Systemic  effects,  in  the  form  of  inanition  and  its  consequences, 
result  when  uncontrollable  vomiting  occurs,  as  is  most  often  seen 
when  a  hypersensitive  ulcer  persists,  or  uncontrollable  vomiting 
complicates  pregnancy.  I^ess  graver  disturbances  result  in  some 
cases  of  persistent  vomiting  of  neurotic  origin. 

The  nutritional  disturbances  in  chronic  cases,  although  affecting 
all  the  body  tissues,  are  most  evident  in  the  urine.  Here  a  reduction 
in  solid  constituents,  especially  the  urea  and  sodium  chloride,  are 
associated  with  an  oliguria  and  excretion  of  acetone. 


C.  INTESTINAL  DIGESTION. 
1.  THE  SECRETIONS. 

a.  Diminished  Pancreatic  Juice.  ~^\    '  ' 

1 .  Causes. — Diminutions  of  the  external  secretion  of  the  pancreas 
can  be  caused  by  (i)  nervous  influences;  doubtless  these  are  a  most 
frequent  cause  of  transient  alterations  in  the  amount  of  pancreatic 
secretion.  The  morbid  impulses  arising  either  in  the  mouth,  where 
perversions  of  appetite  are  dependent  upon  a  stomatitis,  in  the 
stomach,  where  abnormal  stiisis  of  ingesta  occurs,  or  from  the  surface 
of  the  duodenal  mucosa,  where  a  chyme,  the  product  of  pathologic 
gastric  digestion,  acts  as  an  insufficient  or  morbid  stimulus. 

(ii)  Alterations  in  the  gland  parenchyma  are  here,  as  elsewhere, 
provocative  of  functional  incapacity.  Of  inflammatory  conditions  it 
shares  its  quota.  Two  extreme  grades  are  the  most  important 
clinically — viz.,  tlie  chronic  interstitial  variety,  commonly  accompanied 
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by  glycosuria,  on  account  of  the  involvement  of  the  islands  of  Langer- 
hanSy  and  acute  hemorrhagic  pancreatitis,  often  rapidly  fatal,  and, 
according  to  Opie,"  resulting  in  many  cases  from  di vei  sion  of  the  bile 
into  the  pancreatic  duct  by  biliary  calculus  impaction.  Cysts,  hemor- 
rhages, and  abscesses  can  completely  destroy  the  gland. 

Carcinomatous  invasion,  either  as  a  primary  lesion  or  secondary 
to  gastric  cancer,  is  not  infrequent.  Hyaline  degeneration,  tuberculous 
and  syphilitic  disease,  and  atrophy  of  old  age  are  processes  which  may 
slowly  destroy  the  glandular  tissue,  while  in  some  acute  infections 
the  pancreas  is  the  seat  of  fatty  degeneration. 

(ni)  DiuA  obstruction,  either  from  calculus  impaction  or  anatomic 
lesion,  can  deprive  the  intestine  completely  of  the  pancreatic  juice. 
In  some  cases  where  the  obstruction  is  located  near  the  papillae  of 
Vater,  the  flow  can  be  re-established  if  the  duct  of  Wirsung  has 
remained  patent. 

(iv)  The  loss  of  body  fluids  affects  the  pancreas  in  a  manner  quite 
analogous  to  the  salivary  glands.  In  febrile  diseases  of  prolonged 
duration,  as  typhoid,  this  must  become  a  significant  factor. 

2.  Effects. — "Symptoms  which  follow  impairment  of  the  digestive 
or  external  function  of  the  pancreas  have  not  been  very  clearly 
defined  and,  though  certain  facts  have  l^een  established,  clinical 
observations  are  often  divergent."  (Opie.")  The  fact  must  be  empha- 
sized that  rarely  disturbances  in  the  digestion  and  assimilation  of  fat, 
muscle,  and  carbohydrates  are  observed  clinically  in  acute  pancreatic 
affection,  but  are  almost  invariably  present  in  the  more  extensive 
and  protracted  disorders. 

(a)  Digestive  Disturbances. — ^l^he  results  observed  by  Claude  Ber- 
nanl,*  Abelmann,"  and  others,  after  the  total  or  partial  extirpation 
of  the  pancreas  in  dogs,  are  more  or  less  completely  reproduced  in 
the  human  subject  when  a  deficiency  or  absence  of  the  external 
pancreatic  secretion  is  present. 

(«)  Protein  Digestion  mustconsequentlybe  interfered  with.  Abel- 
mann  found  in  his  experiments  on  dogs  that  albuminous  substances, 
which  normally  are  absorbed  except  1  or  2  per  cent.,  were  only 
absorbed  to  the  extent  of  44  per  cent,  after  a  total  extirpation.  When 
pigs'  pancreas  was  given  with  the  food,  about  75  per  cent,  of  the 
nitrogenous  material  ingested  was  absorbed. 

Fles-  was  the  first  to  observe  a  similar  condition  clinically  in  cases 
of  diabetes.  He  found  numerous  well-preserved  muscle  fibres  in  the 
stoob,  which  disappeared  when  calves'  pancreas  was  fed  daily  to 
the  patient,  and  reappeared  promptly  when  this  treatment  was 
omitted. 

According  to  Schmidt,**  the  presence  of  undigested  muscle  fibres 
alone  never  indicates  gastric  indigestion,  and  only  when  found  with 
elastic  fibres  mean  an  association  of  intestinal  and  gastric  digestive 
disorders. 
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The  work  of  Pawlow  has  shown  why  tryptic  proteolysis  can  be 
inhibited  by  intestinal  secretory  insufficiency.    That  the  time  elemeot 
is  always  an  important  factor  in  enzyme  action  is  a  well-establisheck 
chemical  fact. 

Hence,  faulty  digestion  and  absorption  of  albumen  (azotorrhoe»  Z) 
can  result  from  a  variety  of  gastric  and  intestinal  disorders,  but  occii  '^ 
especially  in  conditions  of  deficient  secretion  of  enterokinase,  an^^ 
hypermotility  of  the  small  bowel,  resulting  from  inflammatory  pn> — 
cesses  or  systemic  conditions. 

Delayed  absorption,  resulting  from  anatomic  lesions  of  the  intes^ — ' 
tinal  mucosa  or  rapid  transit  of  the  contents,  plays  an  importanS" 
secondary  role. 

Thus  azotorrhcea  as  a  symptom  of  pancreatic  disease  loses  its^ 
pathognomonic  (Ugnity. 

(Ji)  Starch  Digestion,  which  normally  is  only  started  by  the  sali- 
vary secretion,  depends  largely  upon  the  amylopsin  for  its  completion  in 
the  intestine.  Thus,  the  presence  of  well-defined,  free  starch  granules 
in  the  stools  are  significant  of  intestinal  indigestion.  They  mean  a 
deficiency  of  pancreatic  secretion  only  in  the  absence  of  other  disturb- 
ing factors,  such  as  an  enteritis  or  diarrhoea  hurrying  on  the  intestinal 
contents,  especially  of  the  small  bowel. 

{y)  Fatty  Stools  (Stkatorrh(ea). — Here  again  the  thorough  ex- 
periments of  Abelmann,**  under  the  guidance  of  Minkowski,  show 
results  similar  to  those  seen  clinically.  After  total  extirpation  he 
found  that  non-emulsified  fats  were  not  at  all  absorbed,  and,  when 
emulsified,  only  to  an  extent  of  18.5  per  cent.  When  fats  were  given 
in  the  form  of  large  amounts  of  milk,  about  30  per  cent,  of  the  fat 
was  absorbed.  The  administration  of  pigs'  pancreas  facilitated  the 
absorption  of  fat  in  these  cases. 

Clinically,  Kuntzmann,^^  in  1820,  was  the  first  to  associate  fatty 
stools  and  disease  of  the  pancreas.  The  many  and  variable  obser\'a- 
tions  since  his  time  are  classed  by  Oser  under  the  three  following 
headings :  (i)  Diseases  of  the  pancreas,  showing  fatty  stools.  These 
are  quite  numerous  and,  of  course,  easily  explained,  (ii)  Disease  of 
the  pancreas  without  fatty  stools.  A  number  of  such  cases  are 
reported,  and  Miiller,  basing  his  conclusions  chiefly  upon  these 
observations,  concludes  that  a  free  flow  of  bile  can  replace  the  action 
of  the  lipase,  and  doubts  whether  steatorrhoea  can  be  a  symptom 
of  uncomplicated  pancreatic  disea^se.  Abelmann  assumes  that  in 
these  cases  a  portion  of  secretory  gland  parenchyma  remains,  or  in 
cases  of  common  duct  obstruction  that  secondary  communication  is 
established  with  the  l)owcl  by  way  of  a  patent  duct  of  Wirsung. 
(hi)  Fatty  stools  without  alterations  of  the  pancreas.  These  can 
follow  the  ingestion  of  abnormally  large  quantities  of  fat  or  from  the 
delayed  absorption,  dependent  U|X)n  anatomic  changes  either  in 
the  intestinal  mucosa,  such  as  inflammatory  processes,  atrophy,  and 
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cuiiyloid  degeneration,  or  in  the  mesenteric  lymphatic  vessels  and 
glands.  Steatorrhoea  promptly  follows  the  exclusion  of  bile  from  the 
intestine.  In  this  condition  pancreatic  enzyme  activity  is  necessarily 
inhibited.     (Pawlow.) 

(6)  Systemic  Effects. — ^These  can  result  from  the  (&)  Nutritional 
Disturbances  which  must  follow  the  chronic  derangements  of  intes- 
tinal digestion,  especially  when  complicated  by  gastric  disorders. 

In  cases  where  sclerosis  of  the  islands  of  Langerhans  exists,  as  in 
interacinar  lesions  complicating  the  changes  in  the  secretory  gland 
parenchyma,  the  metabolism  of  the  diminished  quantity  of  absorb- 
able carbohydrates  formed  is  further  interfered  with,  and  sugar  and 
acetone  may  be  found  in  the  urine,  especially  in  chronic  cases. 

(Ji)  Autointoxication  can  result  where  excessive  intestinal  putre- 
faction and  fermentation  prevails  at  the  expense  of  protein  and 
carbohydrate  contents  which,  from  lack  of  enzymes,  remain  unabsorb- 
able.  But  clinically  the  symptoms  iy)  Depending  upon  the  Under- 
LTING  Cause  usually  predominate.  This  is  observed  especially  in  cases 
of  acute  hemorrhagic  pancreatitis,  where  shock  and  toxaemia  often 
lead  to  a  fatal  termination  before  digestive  disturbances  are  recog- 
nized. 

The  cachexia  associated  with  carcinoma  and  the  jaundice  following 
common-duct  obstruction  can  completely  overshadow  the  secretory 
incapacity. 

Reflex  salivation  may  complicate  pancreatic  disease. 

(<?)  Fat  Necrosis  deserves  mention  as  a  frequent  accidental  occur- 
rence. This  results  when  the  lipolytic  ferment  of  the  pancreas  comes 
in  contact  with  living  fat  tissue.  The  fat  molecule  is  split  up  into 
fatty  acid  and  glycerin.  By  combining  with  the  circulating  calcium 
the  fatty  acid  is  laid  down  in  the  form  of  a  calcium  soap;  while  the 
glycerin  and  lipase  are  absorl)ed  to  be  excreted  in  the  urine,  where,  by 
chemical  tests,  they  can  often  l)e  recognized,  thus  aiding  in  the  diag- 
nosis of  this  impalpable  intra-alxiominal  condition.  (Robson  and 
Cammidge.") 

The  foci  of  necrotic  fat  are  most  abundant  in  the  immediate 
neighborhood  of  the  pancreas,  but  maybe  widely  disseminated.  They 
are  not  raised  above  the  surface  of  the  neighboring  adipose  tissue, 
have  an  opaque  homogeneous  appearance,  and  are  yellowish-white 
in  color. 

6.  The  Bile:  Diminished  Secretion. 

The  amount  of  bile  normally  secreted  is  subject  to  wide  quanti- 
tative variations,  and  alterations  in  composition  of  this  fluid  are 
almost  hourly  occurrences  as  the  consequence  of  metabolic  fluctua- 
tions. 

Abnormal  admixtures  can  result  as  the  consequence  o/  hepatic 
disease,     Brauer^  found  coagulable  albumin  in  the  bile  in  paren- 
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chymatous  hepatic  affections.  A  false  albuminocholia  can  result  in 
diseases  of  the  biliary  passages.  Rokitansky,^  Haupt/*  and  others 
found  structures  resembling  urinary  casts  in  these  conditions,  while 
Brauer  found  these  biHary  casts  in  animals  after  the  ingestion  of 
large  doses  of  alcohol. 

Substances  accumulated  in  the  blood  can,  to  some  extent,  pass  iat^ 
the  bile  like  urea  in  renal  insufficiency,  sugar  in  diabetes;  aJso  soto^^ 
drugs  like  methylene   blue,   sodium   salicylate,  copper  salts, 
potassium  iodide. 

Because  an  increased  quantity  of  bile  poured  into  the  intestine  c 
do  no  harm  by  augmenting  the  digestive  and  absorptive  processes,  ^^^ 
at  the  most  lead  to  moderate  hypermotility  of  the  small  bowel,  wi^^' 
its  consequences,  we  can  Umit  our  discussion  to  the  effects  of 
diminished  secretion  of  bile  and  acholia  upon  digestion. 

1 .  Causes. — G)nsidering  the  complex  mechanism  concerned  in  tl^^ 
production  of  bile,  the  causes  resulting  in  a  diminution  may  be  class^^ 
fied  as:  (a)  Alterations  in  the  Gland  Substance.  It  is  self-evideo^t 
that  destruction  of  gland  parenchyma  renders  bile  production  im- — 
possible;  hence  almost  a  complete  cessation  of  secretion  can  occuX* 
in  such  diseases  as  acute  yellow  atrophy  and  inflammatory  necrosis « 
A  reduction  results  when  partial  destruction  of  hepatic  tissue  occurs, 
as  in  cirrhosis,  browii  atrophy,  purulent  affections,  destruction  by 
multiple  tumors,  and  in  fatty  and  amyloid  degenerations. 

(/9)  Lowering  of  Blood  Pressure,  as  in  passive  congestion  from 
cardiac  insufficiency,  or  capillary  paresis  resulting  from  cord  lesions, 
causes  a  reduction  of  secretion. 

(y)  Loss  OF  Body  Fluids  and  Alterations  in  the  constitution  of 
the  Blood  are  not  infrequent  causes  of  diminished  bile  secretion. 
General  blood  concentration,  either  the  result  of  anaemia  or  an  accom- 
paniment of  febrile  disorders,  exerts  the  usual  effects,  and  the  resulting 
reduction  is  often  aggravated  by  coexisting  parenchymatous  altera- 
tions. 

Doubtles*  the  quality  and  quantity  of  the  portal  blood  is  often  a 
determining  factor,  a,s  portal-vein  obstruction  leads  to  a  prompt 
reduction  of  biliary  secretion.  The  drugs  causing  a  diminished 
secretion  cannot  be  accurately  enumerated,  except  that  opium  causes 
a  reduction  of  all  body  secretions  exwpt  the  sweat,  and  that  atropine 
affects  the  bile  like  the  other  secretions. 

(^)  Disturbances  in  the  Nervous  Mechanism,  according  to  the 
observations  of  Pawlow,  must  Ix*  an  important  factor.  Clinically  the 
origin  of  simulating  impulses  in  the  form  of  peptic  proteolytes  and 
ingesta  rich  in  fat  are  recognizable,  while  their  course  remains  in 
darkness. 

(s)  Biliary-duct  Obstruction  is  the  most  frequent  and  important 
cause  of  impediment  or  divergence  of  the  bile  stream.  The  causes 
which  can  produce  an  occlusion  may  be  classed  as:  (i)  Intrinsic, 
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li  as  gallstones;  catarrhal  inflammation;  thick,  viscid  bile;  hemor- 
ge,  polypi,  and  parasites  entering  either  from  the  intestine  or  the 
r.  (n)  Interstitialf  as  cicatricial  contraction,  congenital  atresia, 
smodic  stricture,  and  neoplasms,  either  carcinoma  or  adenoma. 
)  Extrinsic,  such  as  tumors  of  the  liver,  pylorus,  pancreas,  and 
ney;  enlarged  glands  at  the  porta  hepatis;  aneurysm  of  the 
►atic  artery;  constriction  from  chronic  perihepatitis  and  pericho- 
^tis,  and  slit-like  narrowing  by  traction  from  movable  kidney  or 
eroptosis. 

The  obstruction  may  occur  in  the  larger  biliary  passages,  at  the 
denal  orifice,  from  a  gastroduodenitis,  impacted  pancreatic 
nilus,  and  intestinal  obstruction;  or  in  the  finer  bile  capillaries, 
?re  the  secretion  pressure  is  lowest,  by  viscid  bile  or  mucoid 
terial. 

'.  Effects. — (a)  The  Systemic  Effects  of  acholia  are  the  mani- 
lations  of  perverted  metabolism  and  are  considered  in  that 
pter. 

^)  The  Disturbances  of  Intestinal  Digestion  depend  upon 
threefold  action  of  the  bile,  viz. : 

i)  Inhibiiion  of  peptic  digestion  in  the  duodenum  by  neutralizing 
gastric  acidities  is  essential  for  pancreatic  digestion. 
Vhen  this  is  not  affected  by  the  secretion  of  bile,  the  acid  chyme 
dng  with  the  sHghtly  alkaline  pancreatic  juice  results  in  a  mixture 
Ewnd  reaction.  This  reaction  being  foreign  to  the  jejimal  mucosa 
in  induces  hj'permotility,  and,  being  unfavorable  for  pancreatic 
;yme  activity,  may  result  in  their  destruction  through  peptic  pro- 
lysis. 

Phis  affected  peptic  digestion  is  also  arrested  by  accumulated 
cus  entericus  or  bacterial  activity,  and  an  inert  mixture  results, 
ii)  As  an  aiutiliaryof  pancreatic  digestion  (Pawlow)  the  influences 
ui  acholia  are  exerted  chiefly  on  the  fatty  constituents  of  the  diet. 
nee,  lipolysis  becomes  practically  arrested,  and  the  absorption  of 
,  unaided  by  the  saponifying  and  osmotic  tension  reducing  prop- 
ies  of  the  biliary  fluid,  reaches  a  minimum. 
Ill)  Aiding  absorption,  especially  of  fats.  Hence  the  explanation  of 
&torrhoea  or  fatty  stools  in  these  cases.  According  to  F.  Muller** 
m  55.2  to  78.5  per  cent,  of  all  ingested  fat  was  passed  in  the 
es  when  the  bile  was  completely  excluded  from  the  intestine; 
ereas  under  normal  conditions  from  6.9  to  10.5  per  cent,  was 
icuated. 

ITie  large  amount  of  fat  is  not  alone  responsible  for  the  clay  color 
these  stools.  Normally  the  biliary  pigments  undergo  marked 
orations  and  are  practically  reabsorbed  in  the  intestinal  tract,  so 
t  the  normal  feces  fail  to  give  tests  for  bilirubin  and  biliverdin. 
t  enough  altered  bile  pigment  always  remains,  chiefly  in  the  form 
irobilin  (stercobiHn),  to  give  a  distinct  color  in  health. 

27 
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(iv)  Stimtdating  peristalsis  is  a  secondary  function  of  the  bile.  In 
the  absence  of  bihary  secretion  constipation  is  not  always  a  conse- 
quence, because  other  "factors  provocative  of  intestinal  peristalsis 
are  brought  into  play,  like  the  effects  of  acid  on  the  small  bowel, 
previously  mentioned,  and  increased  bacterial  multiplication  at 
the  expense  of  the  undigested  foodstuffs  throughout  the  intestinal 
tube. 

The  stools  in  these  conditions  often  have  an  offensive  or  ranciA 
odor,  and  gases  may  be  passed  freely  from  the  bowel. 

(v)   The  antiseptic  properties  of  the  bile  are  doubtless  overrate<i- 
Chiari^^  and  Fiitterer  were  the  first  to  show  that  many  organism3y 
including  the  t\^hoid  bacillus,  can  live  for  many  months  in  the  g8Lt\^ 
bladder.    The  intestinal  fermentation  resulting  in  the  absence  of  bil^ 
can  easily  be  explained  on  other  bases. 

c.  The  Succus  Entericns.      U  .  V^ . 

This  fluid  normally  poured  out  in  large  volumes  throughout  ttm^ 
intestinal  tract  is  doubtless  very  frequently  changed  in  quantity  am^ 
altered  in  com|X)sition.  Since  Pawlow's  demonstration  of  the  au:^^ 
iliary  fennent  enterokinase  in  this  secretion,  the  quantitative  fluctu^-^ 
tions  have  become  most  significant,  and,  if  it  were  possible  to  recognic^ 
thenl  by  clinical  methods,  probably  many  intestinal  indigestions  woul< 
be  explained. 

1.  Increased  Secretion. — Cohnheim  thought  that  the  rice-wate 
dejecta  of  cholera  resulted  from  hypersecretion  by  Brunner's  an< 
Lieberkiihn's  glands,  In^cause  he  could  not  explain  the  amylolytit 
properties  of  tlu\se  stools  by  simple  exudation  processes.    But  becaus^?^ 
the  cholera  vibrio  grows  luxuriantly  on  potato  it  may  have  amylolytic^^ 
properties,  and,  secondly,  the  rapid  transit  of  the  pancreatic  juicc^=^ 
through  the  intestinal  tube  favors  the  preservation  of  the  amylopsin. 

The  increased  secretion  associated  with  watery  diarrhoeas,  without 
anatomic  alterations,  can  be  attributed  to  simple  functional  per- 
versions. As  the  ill  effects  of  such  a  variation  result  only  from  the 
increased  fiuantities  of  water  poured  into  the  intestine,  they  need  no 
special  description.  Kiiline^"  demonstrated  that  pilocarpine  caused  a 
copious  flow  of  intestinal  secretion. 

2.  Diminished  Secretion  is  of  more  frequent  occurrence. 
(a)  TiiK  Cai  SKs,  although  not  well  defined,  are  surely  numerous. 

(i)  Anatomic  changes  in  tlie  intestinal  nmcosa,  such  as  acute  and 
chronic  inflammations,  primary  and  secondary  atrophic  processes, 
can  destroy  or  incapacitate  the  intestinal  glands,  (ii)  The  nervous 
influences  concerned  may  also  l)e  at  fault.  It  has  been  thought  that 
such  derangement  ])revails  in  some  cases  of  chronic  constipation. 
(hi)  Systemic  alteration  doubtless  often  are  the  underlying  cause  of 
quantitative  variations. 
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(?)  The  Effects  are  the  result  of  (i)  diminished  secretion  of  liquid 

^to  the  intestinal  tube,  from  which  constipation  may  result.    Herter 

^nks  that  probably  often  diminished  secretion  of  succus  entericus 

*nd  diminished  motility  develop  simultaneously,     (ii)  Due  to  the 

*Wnce  of  enterokinase,  the  proteolytic  properties  of  the  pancreatic 

^retion  are  greatly  inhibited.     Following  this  disturbed   protein 

digestion,  excessive  putrefaction  may  be  induced,  especially  within 

the  large  bowel,  and  the  excretion  of  nitrogen  in  the  dejecta  may  be 

increased. 

Not  enough  is  known  of  the  invertin  to  recognize  clinically  the 
effects  resulting  when  it  is  insufficient. 

,  (r)  Alterations  in  Composition  can  occur  when  toxic  substances 
like  morphine,  iodides,  bromides,  and  mercury  bichloride  are  secreted 
into  the  intestine.  In  uriemia  the  accumulated  katabolites,  like  urea, 
^^l  poisonous  products  may  be  eliminated  through  the  intestinal 
mucosa.  The  persistent  watery  diarrhoea  often  seen  in  these  cases 
'^ults  in  part  from  the  irritating  effects  of  these  substances  per  se 
*^d  derived  decomposition  products,  like  ammonium  carbonate  from 
^i^a.  A  vicarious  mode  of  elimination  is  thus  established,  compen- 
*^ting  in  part  the  renal  insufficiency. 


d.  Mucus.     V\   ^ 

.  Normally  small  amounts  of  mucus  are  secreted  throughout  the 
**^testinal  tube,  and  chemical  tests  for  this  substance  in  the  feces  are 
^ways  obtainable.  No  digestive  disturbances  can  result  from  a 
Auction  of  this  practically  inert  substance,  and  if  slight  alterations 
should  occur  they  could  not  \ye  separately  distinguished  from  the 
Underlying  atrophic  processes. 

Increased  secretion  always  leads  to  the  appearance  of  macroscopic 
quantities  in  the  excreta. 

1.  Causes. — (i)  Catarrhal  inflammations  of  the  intestinal  mucous 
membrane  always  are  associated  with  excessive  excretion  of  mucus. 
WTien  large  volumes  of  stomach  mucus  pass  on  into  the  intestine 
a  similar  condition  results,  but  nevertheless  the  admixture  of  mucus 
in  the  excreta  retains  its  diagnostic  significance. 

(li)  Through  nervous  disturbances  the  si*crt*tion  of  mucus  can  he 
excited.  It  is  claimed  that  in  some  cases  of  mucous  colitis  associated 
with  hysteria  and  neurasthenia  no  anatomic  changes  are  demon- 
strable in  the  colon. 

(hi)  Considerable  accumulations  of  steady  secretion  from  even  the 
healthy  bowel  can  result  when  it  is  not  removed  by  regular  evacuations. 
(Nothnagel.) 

2.  Effects. — Here  again,  as  in  the  stomach,  the  mucous  membrane 
reacts  to  irritation  by  pouring  out  this  alkaline  fluid,  thus  diluting 


420  SPECIAL  PHYSIOLOGY 

noxious  substances  or  counteracting  their  local  effects  by  demulceat 
properties. 

Eloth  digestion  and  absorption  are  delayed  by  the  presence  of 
mucus,  chiefly  in  a  mechaniciBd  way.    The  food  particles  are  coated 
by  a  thin  layer  of  viscid  mucus,  and  are  thus  rendered  impermeable 
to  the  intestinal  fluids.    That  colloidal  substances  retard  absorption 
is  established  pharmacologically  when  the  slow  absorption  of  opiu^cn 
is  compared  with  morphine. 

The  abnormal  admixture  of  mucus  becomes  most  apparent  in  ttmo 
dejecta.  The  appearance  varies  with  the  location  in  the  intestim  ^l1 
tube  where  this  occurs.  If  mucus  is  poured  out  freely  by  the  sm^»*ll 
intestine  or  first  portion  of  the  colon,  it  becomes  thoroughly  mix 
with  the  liquid  contents  at  this  point,  and  imparts  to  the  voided 
a  uniform,  pasty  consistency.  Microscopic  masses  may  become  biL 
stained. 

When  the  mucus  enters  the  remainder  of  the  colon  and  rectum 
comes  in  contact  with  more  solid  contents  which  it  cannot  permeat::  ^ 
hence  is  deposited  as  a  thick,  glairy  layer  on  the  surface.    In  muco«-: 
colic  a  periodical  voluminous  evacuation  of  mucus,  aggregated  n. 
ribbon-shaped  shreds  or  membranous  masses,  occurs.    Pure,  thic 
glistening  mucus  mixed  with  feces  is  sometimes  voided  in  diseas^^-'^J 
conditions  of  the  rectum  or  lower  portion  of  the  sigmoid. 


2.  MOTOR  DI8TURBAN0E8. 


a.  Diarrhoea  (Hj^ermotility).'^* 


Transudation  and  exudation  into  the  intestine  and  hj^rmotili*^^ 
are  so  closely  associated  that  no  attempt  will  be  made  to  considc 
them  separately. 

1.  Causes. — Because  the  exact  physiologic  processes  are  so  variabU 
and  in  many  instances  doubtless  multiple,  the  causes  of  diarrhoea  ca^: 
be  classed  as  follows:      ,j 

(a)  Predisposing  Factors: 
I.  Body  States: 

(«)  Acje;  infants;  children  and  aged. 

(/i)  Hereditary  predisposition  and  neurotic  temperaments. 

(;')  Const  it  uiiomil  Di.tecutes. 

(i)  Acute  infectious  diseases.    Toxic  influences. 
(ii)  Chronic.    Heart,  lung,  or  liver  diseases;  passive  con 

gestion. 
(hi)  Bright's  disease. 

(iv)  Cachectic  conditions.    Cancer,  anaemia,  etc. 
►  (v)  Extensive  cutaneous  bums. 
(vi)   Neuroses. 
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{S)  Local  Conditions  I     • 

(i)  Diseases  of  the  stomach, 
(n)  Passive  congestion. 
(hi)  Disorders  of  canalization. 

(iv)  Neighboring  disease  processes.    Peritonitis,  cancer, 
(v)  Abnormalities  of  position.    Hernia,  enteroptosis. 
(vi)  Altered  secretion.    Bile,  pancreatic  juice, 
(vii)  Sluggishness  of  the  bowels  and  atony, 
(viii)  Other  diseases  of  the  bowel — e.g.,  vlceraiion   and 
carcinoma. 

II.  Environment: 

(a)  Residence.    Tropics. 

(/9)  Season.     Sunmier.  ' 

(r)  Occupation.     Requiring  exposure. 

(6)  Exciting  Oaiuia: 

I.  Toxic.     (Toxic  catarrhal  enteritis.) 
(a)  Introduced  directly: 

(i)  Corrosive  alkalies.      Acid,  salts    of    heavy  metals, 

metaloids,  etc. 
(ii)  Alcohol  and  volatile  oils,  turpentine, 
(ill)  Carbolic  and  other  aromatic  acids. 
(rv)  Vegetable  cathartics:  croton  oil,  colchicum. 
(v)  Spices:  mustard,  pepper. 
(^)  Contained  in  the  food:  decomposed  food,  meat,  sausage, 
fish,  etc.     (Tyrotoxin,  lactotoxin,  muscarin,  cadaverin, 
etc.) 
(;')     In   the    blood  circulating  through   the   intestinal   wall. 
Uriemia,    mercurial    poisoning,    extensive    cutaneous 
bums. 

II.  Infective.     (Infective  catarrhal  enteritis.) 

(a)  Intestinal  infection  as  a  symptom  of  a  general  infection. 
(i)  Acute.    Tjrphoid,  cholera,  sepsis,  influenza,  pneu- 
monia, 
(ii)  Chronic.    Tuberculosis. 
(^)  Microbic  action  limited  to  the  intestine. 

(i)  Indirectly:    decomposing    intestinal    contents    and 
producing  chemical  irritants. 
(aa)  Action  of  the  ordinary  intestinal  bacteria. 
(bb)  More  sj)ecific  organisms,  as  in  some  forms  of 
summer  diarrhoea. 
(ii)  Directly: 

(aa)  Summer  diarrha*a  of  infants. 
(bb)  iEstivo-epidemic  diarrhoeas. 
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III.  Thermal: 

(i)  Changes  of  weather. 
(ii)  Exposure  to  cold  (catching  cold). 
(in)  Excessive  heat  of  the  summer  (diarrhceal  disease.^      o' 

children), 
(iv)  Cold  articles  of  food  and  drink  (ice-cream). 

IV.  Mechanical: 

(i)  Overeating. 

(ii)  Traumatism  (to  abdomen). 

(in)  Foreign  bodies,  swallowed;  gallstones;  enteroliths. 
(iv)  Intestinal  parasites,  especially  tape-worm  and  ascg"^    ^ 

lumbricoides. 
(v)  Coprostasis. 

V.  Parasitic: 
(a)  Infusoria: 

(i)  Cercomonas  intestinalis. 
(ii)  Trichomonas  intestinalis. 
(ill)  Megastoma  entericum. 
(/9)  Asciris  lumbricoides  (round-worm). 
(y)  Ankylostoma  duodenale  (hook-woiin). 
(d)  Trichocephalus  dispar  (whip-worm). 
(£)  Cestodes  (tape-worm). 

VI.  Nervous: 

(i)  Transient  emotions. 
(II)  Dentition  (?). 
(in)  Exophthalmic  goitre. 

1.  Effects. — ^The  deleterious  influences  of  copious  liquid  evacuation^ 
must  necessarily  result  in  grave  local  and  general  disturbances,  but: 
in  some  instances  may  be  actually  beneficial  on  account  of  the 
noxious  substances  gotten  rid  of.  (a)  Derangements  of  digestion  are 
largely  dependent  upon  the  segment  of  the  bowel  affected,  (i)  The 
small  intestine  can  l)e  involved  alone.  In  these  cases  digestive  disturb- 
ances result  from  the  time  restrictions  to  pancreatic  digestion.  Hence 
meat  fibres  and  starch  granules  are  found  in  the  dejecta,  which  are 
now  bile-stained  from  a  failure  to  properly  disintegrate  the  biliary 
pigments  in  their  rapid  transit  through  the  intestinal  canal.  The 
feces  are  usually  acid  in  reaction,  and,  if  the  diarrhoea  is  a  manifesta- 
tion of  enteritis,  apparent  nmcus  is  found  intimately  admixed.  No 
liquid  evacuations  need  occur,  (n)  When  the  colon  is  alone  involved, 
the  absorptive  function  is  chiefly  interfered  with.  The  well-digeste<l 
contents  of  the  small  intestine  are  hurried  along,  with  no  time  for 
absorption  of  favorably  altered  foodstuffs.  The  absorption  of  water 
is  greatly  impeded,  and  copious  liquid  dejecta  are  the  consequence. 
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bi  the  nitrogen  excretion  may  not  fall  below  that  resulting 
permotility  of  the  small  bowel,  unaltered  bile,  pancreatic 
id  undigested  muscle  fibres  and  starch  granules  are  not 
,  unless  the  small  intestine  is  simultaneously  involved. 
2NSORY  Disturbances  resulting  from  hypermotility  are  re- 
iefly  to  the  causes.  Intestinal  colic  does  not  result  from  simple 
1  peristalsis,. but  is  avssociated  with  spasm  of  the  muscularis, 
lay  be  symptomatic  of  organic  disease  or  occur  as  a  pure 
»urosis.  As  a  neurosis  it  occurs  chiefly  in  ansemic,  neuras- 
or  hypochondriac  persons.  Reflexly  it  may  result  from 
J  to  cold  and  after  traumatisms.  Intestinal  crises  of  locomotor 
re  of  spinal  origin.  Colicky  contractions  can  also  be  invoked 
irritation  of  worms,  indigestible  food  masses,  enteroliths, 
ated  gases,  and  by  toxic  agents  like  lead  and  tyrotoxicon 
pon  the  nerve  endings  in  the  intestine.  Organic  lesions 
ice  spasmodic  contractions,  especially  when  interfering  with 
sit  of  the  contents,  as  in  intestinal  obstruction,  appendicitis, 
nteritis,  and  the  like. 

NSTITUTIONAL  EFFECTS  are  the  disturbances of  nw/ri/ion, which 
Dm  the  derangements  of  the  digestion  and  absorption  in  the 
.  The  loss  of  water  or  the  prolonged  hypermotility  of  the 
!Comes  an  important  factor  and  results  not  only  in  apparent 
and  diminished  general  glandular  activity,  but  also  in  grave 
ic  disturbances, 
effects  are  often  greatly  varied  by  predisposing  and  exciting 

6.  Constipation.  Y\\ 

icient  motor  powers  of  the  intestine  need  not  necessarily  lead 

lulations  in  the  large  bowel  only,  but  may  invite  fermentative 

s  in  the  small  intestine,  where  favorable  media  for  bacterial 

nation  is  most  abundant,  which  when  exerting  their  influences 

olon  can  actually  augment  its  motility. 

inal  contents  can  also  be  retained  by  spastic  contraction  of 

>n  hindering  their  passage;  thus  it  becomes  evident  that 

tion  is  not  always  significant  of  intestinal  atony. 

0868. — According  to  Nothnagel  and  I lloway,  constipation  can 

•cm  the  following  conditions: 

Penrenion  of  Certain  Functions  which  still  remain  physiologic, 
a)  Qualitative  and  cjuantitative  changes  in  the  food,  consider- 
ing idiosyncrasies. 
9)  Dimini.sh^d  fluids: 

(i)  Small  quantity  ingested, 
(ii)  Excessive  (juantity  lost  by  skin, 
f)  Deficient  jnuscuJar  exercise. 
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(6)  As  a  Result  of  a  Pathologie  State  or  as  a  symptom  of  ai\ 
abnormal  condition. 
(a)  Diseases  of  the  stomach: 

(i)  Ulcer  and  hyperchlorhydria. 
(ii)  Chronic  gastritis  and  carcinoma. 
(hi)  Pyloric  stenosis  and  dilatation. 
(Ji)  Diseases  of  the  intestine: 
(i)  Chronic  enteritis — colitis. 
(ii)  Enteroptosis. 
{y)  Diseases  of  the  pancreas  and  liver: 
(i)  Bile  diminished  or  absent. 
(ii)  Portal  congestion. 
{d)  Certain  acute  febrile  diseases.    Sometimes  alternating  "^^ 

diarrhoea — e.  g.,  typhoid. 
(e)  Malformations: 

(i)  Undue  size  or  length  of  sigmoid. 
(ii)  Abnormally  developed  or  atrophic  colon.    * 
(hi)  Diaphragms  in  the  rectum. 
(c)  Painful  diseases  of  the  rectum,  inducing  voluntary  abste 

tion  from  stool;  piles,  fissure,  ulcer,  etc.  ^^ 

(c)  Sluggishness  of  the  Bowels  as   an  independent   patholog^' 
entity.     (Habitual  constipation.) 
(a)  Atonic  variety.    Simple  weakness  of  the  intestine. 
(ji)  Spastic  form.     Retention  of  fecal  masses  within  segment 

of  spastically  contracted  intestine. 
(;-)  Fragmentary  form.    (Boas)  Evacuations  incomplete;  slug- 
gishness of  the  rectum. 

2.  Effects. — Stasis  of  intestinal  contents,  especially  when  rich  in 
foodstuffs,  in\'ites  excessive  bacterial  activity,  the  products  of  which 
remain  within  the  most  active  absorbing  surface  of  the  body.  The 
manifestations  of  such  processes  depend  greatly  upon  their  location, 
and  secondarily  are  subjected  to  both  quantitative  and  qualitative 
variations  by  such  factors  as  constituents  of  diet,  functional  capacity 
of  the  stomach,  state  of  intestinal  digestion  and  absorption,  nervous 
stability  of  the  patient,  and  activity  of  emunctory  organs. 

(a)  Local  Disturbances. — Fecal  accumulations  in  the  colon,  espe- 
cially in  its  lower  portion,  are  associated  with  infrequent  evacuations 
of  inspissated  dejecta  (constipation);  while  frequent  watery  move- 
ments can  result  from  sluggishness  of  the  small  bowel,  in  a  manner 
previously  described.  The  result  being  so  essentially  different,  it  can 
be  taken  for  granted  that  the  underlying  processes  are  not  alike. 

(i)  In  the  colon  absorptive  processes  predominate.  The  foodstuffs 
undergoing  the  ultimate  digestive  changes  as  the  caecum  is  being 
approached,  and  also  being  gradually  absorbed  in  their  transit,  are 
normally  much  less  abundant  in  the  colon;  hence  furnish  less  nourish- 
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ment  for  saprophytic  multiplication.    The  rapid  absorption  of  water 
throughout  the  large  intestine  tends  also  to  produce  an  unfavorable 
bacterial  media,  especially  when  extended  through  longer  periods 
of  time. 

Such  processes  naturally  reach  their  climax  in  the  rectum  and 

sigmoid.    Here  the  desiccation  often  becomes  marked,  so  that  the 

inspissated  contents  can  act  as  mechanical  irritants  to  the  mucosa, 

'n   response  to  which  a  hyj)ersecretion  of  mucus  results,  with  which 

they    bec'ome  enveloped.    This  mucous  coating  impedes  absorptive 

P'^'X^esses  and  may  also  aid  in  the  ultimate  passage. 

The  accumulation  of  these  hard  masses  results  in  obstruction  to 

.*^^    return  flow  of  blood  through  the  hemorrhoidal  veins,  follow- 

IP8     which    there    occurs    a    dilatation    of   the    radicals    of    the 

^^xiorrhoidal  plexus.     Depending  upon  the  location  of  these  varices, 

^?^V\er  beneath  the  rectal  mucous  membrane  or  at  the  anal  orifice, 

^^y  are  classed  as  internal  or  external  hemorrhoids. 

Tlie  passage  of  these  fecal  accumulations  is  influenced  by  the  tone  of 

*^^  rectal  musculature.    Wlien  spasticity  prevails,  as  is  found  chiefly 

^  neurasthenics,  hypochondriacs,  and  women  with  pelvic  disorders, 

^^le  stools,  according  to  Fleiner,*^  assume  the  shape  of  long  or  short 

^^linders  of  small  calibre,  often  no  thicker  than  a  lead-pencil,  or 

spherical  masses  the  size  of  hazelnuts. 

In  the  usual  form  of  constipation,  where  atonicity  is  present,  the 
stools  are  drier  and  firmer  than  usual,  and  consist  of  compressed  and 
clesiccated  lumps  or  cylinders  of  large  calibre,  or  of  distinct  particles 
or  scybalee  bearing  the  impress  of  sacculations  of  the  colon. 

Boas  was  the  first  to  recognize  fragmentary  evacuations,  resulting 
probably  from  the  sluggishness  of  the  lower  segments  of  the  large 
intestine.  Here  the  call  to  defecation  follows  the  passage  of  smaJl 
quantities  of  feces  into  the  lower  rectal  segments,  while  the  retention 
in  the  higher  portions  gives  the  sensation  of  fulness  which,  while  at 
stool,  leads  to  great  straining  and  later  causes  renewed  attempts, 
during  which  fragmentary  masses  are  only  expelled. 

If  defecation  becomes  habitually  insufficient  larger  accumulations, 
called  fecal  tumors  when  palpable,  may  result.  These  may  set  up 
secondary  inflanunation  and  even  start  diarrhoeal  attacks. 

A  feeling  of  distention  and  discomfort  in  the  abdomen  may  occur. 
Abdominal  developments  of  flatus  or  spasmodic  colicky  contractions 
of  the  colonic  musculature  are  among  accidental  results. 

(u)  In  the  small  intestine  conditions  even  normally  are  favorable 
for  rapid  bacterial  growth,  which,  when  extended  over  longer  periods 
of  time  by  sluggish  motility,  can  assume  the  most  luxuriant  propor- 
tions. Because  such  a  condition  cannot  produce  constipation  'per  ee, 
but  may  ultimately  supervene  in  cases  of  fecal  accumulation,  it 
deserves  but  passing  mention  at  this  point  and  will  be  considered 
under  Ileus. 


SB 
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(6)  The  Systemic  Effects  in  constipation  are  much  more  dependent 
on  the  underlying  cause  than  the  resultant  digestive  disturbances. 

The   statement   that  increased   quantities  of  ethereal  sulphates, 
including  indican,  are  not  found  in  the  urine  in  simple  constipation, 
verified  by  such  authorities  as  Jaffe,**  Nothnagel/'  and  C.  E.  Simon/ 
is  not  hard  to  explain.    Putrefactive  processes  must  necessarily  be  at 
a  minimum  in  the  desiccated  food  remnants,  and  absorption  of  toxic 
substances  is  certainly  greatly  hampered  by  the  envelope  of  thicV 
mucus.     Hence,   the  constitutional  disturbances   are   not   mark.^^ 
unless  the  mild  autointoxication  finds  a  victim  in  an  irritable  nervoo^s 
system,  or  an  hereditary  weak  arterial  tree. 

When  the  prolonged  accumulation  of  feces  in  the  rectum  leads    '•^^ 
a  moderate  degree  of  relative  obstruction  a  slight  autointoxicati^^]? 
may  result,  with  symptoms  varying  from  a  feeling  of  pressure,  hea-"^^^' 
ness,  and  stupor  in  the  head,  to  a  violent  headache,  moderate  verti^ 
and  a  feeling  of  heat  in  the  head.    The  relationship  betw^een  constipa- 
tion, hyperchlorhydria,  and  chlorosis,  so  frequently  observed  clinical  I-  -3" 
remains  in  doubt. 

In  those  cases  where  a  gastric  disorder  is  primary,  such  as  mot: 
insufficiency  and  hyperchlorhydria,  or  where  intestinal  obstruction    ^ 
atony  supervene  in  fecal  impaction,  the  digestive  and  systemic  d: 
orders  are  all  modified  by  the  secondary  processes. 

c.  Hens. 

Ileus  is  a  symptom -complex    due  to  many  causes   characteri 
clinically  by  pain,  nausea  and  vomiting,  tympanites  and  coprostasi 
Treves  defines  intestinal  obstruction  as  including  a  great  variety 
conditions,  which,  although  unlike  in  character,  have  yet  the  commo 
property  of    bringing  about    mechanically  an  obstruction   to  th  ^^ 
passage  of  matter  along  the  intestine. 

1.  Causes. — The  numerous  causes  through  which  the  symptonm  — 
complex  of  ileus  may  arise,  according    to   Murphy,  Treves,   anc  J 
others,  can  best  be  tabulated  as  follows: 

I.  Paralysis  of  the  Bowel  (Adynamic  Ileus). 

(a)  Functional  Nervous  Paralysis  of  the  Intestine. 
{a)  Of  the  afferent  nerve, 
(i)  Spinal  lesions. 

(ii)  Afferent  nerve  lesions,  as  trauma  to  the  mesentery. 
{^i)  ReficxUj  hif  stimulatijon  of  the  inhibitory  nerve. 
(i)  Strangulated  omentum. 
(ii)  liiliary  colic, 
(in)  Renal  colic. 
(iv)  Ovarian  compression. 
(v)  Diaphragmatic  pleurisy  in  pneumonia. 
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(6)  Marked  Anatomic  Lesions  of  the  Intestine. 
(i)  Prolonged  strangulation, 
(ii)  Embolism  of  mesenteric  artery. 
(hi)  Atonicity,  seen  in  some  cases  of  chronic  constipation. 

(c)  Toxic  Enteroparalysis. 
(a)  Septic. 

(i)  Local  peritonitis, 
(ii)  General  peritonitis 
(hi)  Thrombophlebitis. 
(/9)  UrcBmic. 

.  Spaam  of  the  Bowel  (Dynamic  Ileus). 

(«)  Specific  toxic  effect  of  lead  to  produce  spasm  of  the  intes- 
tinal muscularis.  This  can  be  counteracted  by  mor- 
phine, which  has  a  peripheral  action,  and  leads  to 
paralysis  of  Auerbach's  plexus.    (Sollmann.) 

(y?)  Tyrotoxicon  poisoning. 

I.  Mechanical  Obstruction  (Mechanical  Ileus). 

(a)  Intrinsic  Causes. 

(i)  Foreign  bodies:  gallstones,  enteroliths. 
(ii)  Fecal  impaction. 

(6)  Interstitial  Causes. 
(«)  Malignant  or  benign  neopla^sms. 
(/3)  Cicatricial  contractures  (strictures). 
(i)  Tuberculous  or  syphilitic  ulcers. 
(ii)  Traumatic  wounds. 
(hi)  Carcinoma. 
(;')  Intussusception. 

(c)  Extrinsic  Causes. 
(a)  Compression  by  tumors. 
(/3)  Strangulations  by  bands  and  apertures. 
(y)  Incarcerations. 

(i)  External  hernial  apertures. 
(ii)  Internal  apertures  or  under  bands. 
(d)  VolvuIu>s. 

Effects. — (a)  The  Local  Distubances  are  primary  and  the  most 
oinent.  Of  these  («)  Coprostasis,  which  may  be  absolute 
Jynamic  ileus  and  acute  strangulation  or  only  partial  in  dynamic 
I  and  partial  obstruction,  is  the  most  important. 
)  FeccU  accumulation  occurs  al)ove  the  point  of  obstruction; 
I  this  vomiting  results.  The  vomiting  may  at  first  l)e  reflex,  but 
•  occurs  as  the  conse(|uence  of  the  filling  up  processes  not  only 
I  accumulated  ingesta,  but  also  from  the  exudation  which  takes 
e  into  the   bowel.     That   actual    rcverst»d   peristalsis   occurs   is 
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denied  by  many  surgeons.  Later  it  may  continue  as  a  reflex  |^ 
nomenon  of  a  secondary  peritonitis,  llie  character  of  the  vomitus 
varies  with  the  location  of  the  lesion  and  time  after  the  acddent  At 
first  it  is  gastric,  then  bilious,  then  feculent,  later  may  even  become 
stercoraceous.     It  is  usually  persistent  and  copious. 

When  the  seat  of  obstruction  is  in  the  duodenum  or  jejuDum, 
vomiting  occurs  early,  is  persistent,  and  always  bile-stained.  It  is 
much  influenced  by  food,  and  never  really  becomes  stercoraceous.  In 
obstructions  involving  the  middle  of  the  ileum  the  vomitus  really 
never  becomes  stercoraceous,  unless  long  retiuned  with  opium. 

When  the  lower  ileum  or  colon  becomes  obstructed,  vomiting  occurs 
more  irregularly,  is  more  commonly  stercoraceous,  but  later  may  be 
scanty  and  comparatively  slight. 

Meteorism  results  also  at  first  from  a  filling^up  process,  as  there  is 
no  exit  for  the  normal  intestinal  gases.  Gaseous  fermentation  of  the 
stagnated  contents  soon  augments  the  primary  condition.  In  para- 
lytic ileus  the  greater  distensibility  of  the  intestinal  coils  seems  to 
allow  more  free  expansion  of  the  gaseous  contents.  The  degree 
depends  on  the  completeness  of  the  occlusion,  but  also  upon  the 
location  of  the  lesion  and  tonicity  of  the  bowel.  It  is  more  marked 
and  earliest  when  the  colon  is  obstructed,  especially  in  volvulus. 

In  obstruction  of  the  small  bowel,  the  median  parts  of  the  abdomen 
become  distended,  while  in  occlusions  of  the  colon  the  distention  is 
more  general,  but  most  marked  over  the  colon. 

It  is  not  much  reduced  by  vomiting  and  diarrhoea,  but  may  be 
slightly  lessened  by  strychnine  and  morphine. 

(ii)  Increased  fermentation  is  a  most  important  consequence.  The 
stasis  favors  bacterial  multiplication  in  any  portion  of  the  intestinal 
tract,  but  especially  in  the  small  intestine,  where  nutrient  material 
is  most  abundant.  Putrefaction  and  fermentation  usuallv  occur 
together.  In  the  less  acute  forms  carbohydrate  fermentation  may 
excel  and  precede  albuminous  putrefaction;  hence,  often  in  these 
cases,  unless  a  diet  rich  in  proteins  is  taken,  the  ethereal  sulphates 
in  the  urine  mav  not  be  much  increased. 

The  proilucts  of  fenuentation  are  cyclic  compounds  and  H^S  split 
from  the  protein  molecules,  fatty  acids,  CO,,  H,  and  other  gases 
derived  fn>in  carlx>hyd rates,  and  even  higher  fatty  adds  resulting 
fi\>m  cleavagi*  of  fat  molecules.  Indicanuria  is  a  constant  accom- 
paninieut  of  ileus,  proviiling,  of  course,  that  protein  substances  are 
pn\stMit  for  deconipi^sition.  In  obstruction  of  the  small  intestine 
anil  n^flox  ileus  asst>ciattHl  with  general  peritonitis  it  appears  in  one 
to  two  days,  while  in  obstruction  of  the  large  intestine  this  symptom 
inav  Ih^  ilelavtHl  for  thnv  to  five  davs. 

In  the  slui^i::ishuess  of  the  lx>wel  n*sulting  by  reflex  impulses  from 
slii^ht  jHTitonoal  irritation  in  appi^ndicitis  and  salpingitis,  I  have 
always  found  the  indican  in  the  urine  slightly  increaised. 
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The  portion  of  bowel  below  the  obstruction  is  empty  (obstipation), 
completely  when  the  occlusion  is  perfect,  or  partially  when  incomplete 
obstruction  is  present.  Sometimes  a  spurious  diarrhoea  develops 
from  the  accumulation  of  exudation  products  and  hemorrhage, 
especially  in  intussusception. 

{^)  Pain,  variable  in  degree  and  duration,  occurs  early  jrom  the 
damage  to  the  bowel,  later  from  distention  and  futile  peristalses,  and 
finally  as  a  symptom  of  secondary  peritonitis. 

The  mode  of  onset  depends  upon  the  suddenness  of  the  strangula- 
tion, the  amount  of  bowel  involved,  and  other  circumstances,  like 
peritonitis,  carcinoma,  etc. 

Its  location  is  variable;  either  difiPuse  or  most  marked  in  the  navel 
region,  and  sometimes  is  definitely  localized  over  the  lesion.  It  is 
variable  in  degree;  often  severe  early,  and  later  less,  due  to  collapse. 
Exciting  peristalsis,  as  by  taking  of  food,  use  of  enemata,  and  rectal 
examination  aggravates  the  pain.  Early  it  is  not  associated  with 
tenderness;  often  it  is  even  benefited  by  pressure;  but  later,  when 
peritoneal  irritation  occurs,  tenderness  is  marked.  With  approaching 
collapse  the  perception  of  tenderness  is  less  acute. 

The  course  varies  with  the  degree  of  occlusion  when  obstruction  is 
complete;  it  is  constant  with  slight  periodic  exacerbation,  while  in 
partial  obstruction  it  tends  to  be  more  intermittent  with  intervals 
free  from  pain. 

(r)  The  Intestinal  Peristalsis  varies  with  the  cause,  (i)  In 
dynamic  ileus  the  bowel,  especially  the  colon,  is  spastically  contracted, 
(ii)  In  adynamic  ileus  peristalsis  is  arrested  either  in  segments  or 
throughout  the  entire  tract.  In  mechanical  ileus  the  effects  differ 
essentially  with  the  duration  of  the  process.  In  an  axnde  attack, 
violent  non-visible  peristalsis  occurs,  with  colicky,  spasmodic  pains. 
An  attempt  is  made  to  overcome  the  obstruction,  and  often  results 
in  the  forcing  through  of  gavses  in  partial  obstruction  with  a  rumbling 
sound  (borborygmus).  Hypertrophy  does  not  result  in  so  short  a 
time.  In  complete  obstruction  the  hyperperistalsis  rarely  occurs  and 
an  atonic  condition  soon  supervenes. 

In  more  chronic  cases  violent,  visible  peristalsis  results  from  the 
hypertrophy  of  the  muscularis  that  develops  to  compensate  the 
lesion.  This  is  often  most  marked  or  limited  to  the  region  of  the 
lesion.  The  peristaltic  movements  are  accompanied  by  colicky  pains. 
Atonicity  may  supervene  when  the  obstruction  Ixicomes  complete. 

(6)  The  Systemic  Effects  are  pronounced,  both  in  the  acute  and 
chronic  cases.  Gradual  exhaustion  results  from  the  continuous  pain 
and  vomiting,  the  inability  to  take  food,  and  from  autointoxica- 
tion. 

The  primary  cause,  like  a  malignant  tumor  or  peritonitis,  greatly 
influence  the  course,  while  complications,  like  perforation,  peritonitis, 
and  inhalation  pneumonia,  may  terminate  the  scene. 
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d.  The  Absorption  of  Proteins. 
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ABSORPTION. 
INTRODUCTION. 

1.  ABSORPTION  DEFINED.  V\  ^-j 

The  term  absorption  in  its  gt»noral  sense  means  imbibition,  and 
3lies  with  special  fitness  to  the  '* drinking  in''  of  a  Uciiiid  by  any 
■ous  Ixxly,  such  as  a  sponge.  In  this  sense  it  is  a  purely  [)hysical 
►cess,  depending  upon  the*  capillary  attraction  exerted  by  the 
>illary  pores  of  the  lx)dy  upon  the  liquid.  This  term  has  been 
ended  to  include  such  processes  lus  the  taking  in  of  water  by 
minating  seeds,  a  purely  physical  process  de|>ending  uj)on  the 
rs  of  diffusion  or  osmosis.  It  was  the  most  natural  thing  to  extend 
term  to  the  process  by  which  an  organism  takes  up  food  from 
medium  in  which  it  exists,  or  from  canals  in  which  foods  have 
»n  dissolved  or  otherwise  prepared.  Absorption,  then,  is  that 
icticm  of  the  organism  through  the  exercise  of  which  the  system 


takes  in  nutriment  ihrovgh  a  boundary   ep'UheUuni.     Ti   lia-s  Iiwii 

thought  that  the  absorption  by  tlie  system  of  the  products  of  (iip> 

tion   is  a  purelv  iihviuc&l  pro- 

PI0.1M  ,  *^  .■      -^    '     '      .1    '^■ 

i-ess,  depending  upon  the  in- 
teraction of  two  or  three  faclors 
— osmosis,  filtratiun. 

Wlietlier  or  not  phvsical 
forees  alone  are  sufficient  U' 
account  for  the  phenomena  •*' 
absorption  wnll  be  discuss*^ 
later.  In  the  <)etinition  of  »^*" 
sorption  reference  wiis  mwl*"  *^, 
the  "  Iwjundarv  epithcliu  n^  - 
The  lK.iindiiry"epithe!iao(  ti^ 
mammalian  Ixkly  arc:  (ij  *■**' 
epithelium  of  the  aliment***^ 
canal;  (ii)  epithelium  of  «^*^'' 
luug  passages;  (iii)  the  epitJ»*" 
Hum  of  the  urinary  tract:  C*^' 
the  cuticle. 

Of  these  buundaries  the  ft  *" 
is  pre-eminently  an  al)sorpt»  "*■. 

surface,   while    the    second  

equally  absorptive  and   exc*"     ^ 
tory;  the  thinl  is  wholly  pxc«  ; 

tory,  and  the  fourth  is  p'''w_^?^^ 
cally   nnn-ttbs(irijtiv-e,    and    ^*- 
excretory  and    sccretorj'  fun» 
tlons  are   secondary  to  its  f 
[jecial  function — prot«^on. 

It  will  Ite   understood.  fro:J 
the  expression  "  6ouTi</ary  epfVA-— 
/i«m,"that  the  physiologist  lot' 
upon  the  contents  of  the  alimentary  canal,  lung  passages,  and  renff 
passages  as  being  rei^ly  outside  of  the  organiitm,  thmtgk  encloned  b 
the  body.     What  is  in  the  alimentary  canal  is  really  not  yet  wilhi 
the  organism.     When  it  passes  within  the   outer   l»oundary  of  tl^^ 
outer  layer  of  cells,  then  it  is  within  the  organism,  and  the  piisMi^asS 
from  the  alimentary  canal  into  the  epithelial  cells  which  surrouii^    • 
this  canal  constitutes  abforption. 

2.  STRUOTURES  INVOLVED  IH  ABSORPTION. 

Whatever  forces  may  be  involved  in  the  process  of  alisorption — 
whether  physical,  mechanical,  or  vital — the  area  of  altsorbiiig  nuUiix 
must  be  an  important  factor  in  the  total  unioimt  absorb* 


SBdtlon  of  Injecled  imall  Inlenlne ot  eU:  a,  b, 
rilll  T  i.  tbeir  &b»rb«Dt  veMeli :  h, 
■luiple  rolUclHR;  c,  mnsculiirlB  macove;  d.  *uli- 
muooM:  c,  f*,  dnmliu  Slid  loDElludlniil  iBfenof 
uiucle;/.  Hbrotin  OKI.  All  tli«  dull  llnei  reiite- 
nol  blood?ef«lB  tilled  ivllh  Ihe  InJecU'iu  mBst.. 


■^"if?-:..;'  'I ., 


Cnm-tectlon  of 


434 


SPECIAL  PHYSIOLOGY 


Under  Digestion^  Introduction  j  mention  was  made  of  the  prominent 
transverse  folds  of  the  mucosa  of  the  small  intestine.  These  vdvvk 
conniventes  make  the  mucous  surface  about  three  times  as  great  as 
a  straight  cylindric  lining  of  the  same  canal  would  be.  Upon  this 
folded  mucous  surface  the  microscope  reveals  innumerable,  minute, 
finger-like  projections — the  villi.  These  projections  are  subcylindric 
in  form,  and  the  axis^of  the  cylinder  may  be  taken  as  averaging  about 
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striated  border 


Connective. 
^  iis»u€ 
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B 
C 
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Ooblet  celU 
Wandering  celU 
Nuclei  of  epithelial  cells 
'  Basal  memhrane 
Intercellular  spaces 
Cells  of  the  reticular 
connective  tissue 


(Szymonowios.) 


eight  times  the  radius  of  the  base.  The  area  of  the  villus  would  then 
Iw  al>out  sixteen  times  as  great  as  the  area  of  the  base,  or  the  ar^* 
of  the  whole  surface  occupied  by  villi  is  multiplied  approximately 
sixteen  times  through  the  means  of  the  villi.  Thus  the  area  of  the 
epithelial  surface  is  many  times  as  great  as  the  area  of  the  intestine 
when  considered  as  a  smooth  cylinder. 

The  accompanying  figures  show  the  structure  and  grouping  of 
the  villi.     Note  in  Fig.  188  the  coats  of  the  intestine;  the  injected 
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rteriea  and  capillaries;  the  lymph  radical  in  the  second  and  fifth  villi 
om  the  left;  the  ends  of  the  cells  shown  in  the  third  villus  from  the 
ft.  Fig,  189  shows  the  marked  inequality  frequently  to  be  noted 
the  length  of  the  villi.  In  Fig,  190  the  minute  structure  of  the 
!lus  is  shown.    Note,  especially,  the  numerous  capillaries  which  he 
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St  beneath  the  basement  membrane;  the  muscle  fibres,  and  the 

rge  "central  lacteal"  or  lymph  radical. 

Id  the  intestine  of  such  animals  as  the  cat,  rat,  and  rabbit  the 

iger  villi  reach  well  toward  the  middle  of  the  Intestine. 

Tile  two  courses  which  alisorlxH]  material  takes  arc:    (i)  tbroUKh 

e  lacteals  and  thoracic  duct  to  the  venous  system  (sec  Fig.  lf>2); 

;)  through  the  vena  portiv  to  the  liver  (see  P'ig.  193). 
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3.  PHYSIOAL  FORGES  IKFLUEMOINO  ABSORPTION. 

Just  how  far  physical  forces  enter  into  the  act  of  absorption  has 
been  a  subject  of  controversy  for  a  long  time.  Recent  investigations 
tend  to  minimize  the  importance  of  the  physical  forces  and  to  magniftr 
that  of  the  more  distinctly  physiological  factor  "selection."  The 
student  is,  however,  unable  to  understand  the  literature  of  the  subject 
without  at  least  a  general  knowledge  of  Osmosis  and  Filtration. 

a.  Osmosis,    v  ^ 

^v  ■ 

The  term  osmosis  is  applied  to  diffusion  taking  place  through  a 
membrane.  But  diffusion  involves  a  mutual  or  reciprocal  inter- 
change of  space  or  a  mutual  interpenetration  independent  of  any 
mechanical  mixture  or  chemical  reaction. 

Let  the  open  end  of  a  large  glass  tube  have  an  animal  membrane 
stretched  across  it  and  fixed  in  place;  let  the  tube  be  partly  filled 
with  a  solution  of  any  crystalline  substance  easily  soluble  in  water, 
and  let  this  dialyzer  or  endosometer  be  lowered  into  a  jar  or  beaker 
of  distilled  water  until  the  liquid  within  the  dialyzer  stands  on  the 
same  level  as  that  outside.  These  conditions  fulfilled,  one  will 
observe,  after  a  few  hours,  that  the  liquid  within  is  higher  than  that 
in  the  beaker  outside,  making  it  evident  that  water  has  passed  through 
the  membrane  into  the  distilled  water.  The  raising  of  the  liquid  in 
the  dialyzer  above  the  level  of  tliat  outside  involves  a  certain  amount 
of  energy.  This  energy  is  measurable,  and  may  be  determined  with 
a  mercury  manometer  or  by  simply  calculating  the  weight  of  the 
column  of  water  supported  by  the  pressure.  This  is  called  endos- 
motic  pressure  or  osmotic  pi*essure. 

The  osmotic  pressure  of  a  solution  is  a  measure  of  the  osmotic 
activity.  The  laws  of  osmotic  pressure  take  into  consideration  only 
temperature,  degree  of  concentration,  and  the  influence  of  mixtures; 
but  most  important  factors  are  the  character  of  the  membrane  and 
of  the  solvent. 

Summing  up  this  brief  discussion  of  osmosis  one  may  give  the 
following  factors  as  concerned  in  the  rate  of  osmosis: 

(i)  The  quantitative  composition  of  the  solutions  separated  by  the 
membrane,  and  consequently  tlie  partial  osmotic  pressure  exerted 
by  the  several  constituents. 

(ii)  The  coefficients  of  diffusion  of  the  various  constituents. 

(ill)  The  character  of  the  membrane. 

(iv)  The  character  of  the  solvent. 
(v)  The  temj)eratiire. 

(vi)  The  hydrostatic  pressure  upon  the  two  sides  of  the  membrane 
(filtration). 
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h.  Filtration.    \ 


<^: 


Filtration  is  the  passage  of  a  liquid  through  a  membrane  under 
the  influence  of  pressure.  It  is  a  purely  mechanical  process.  In 
the  animal  body  any  filtration  which  may  occur  is  complicated 
with  an  osmosis  which  is  going  on  at  the  same  time,  for  in  every 
case  the  relation  of  liquid,  membrane,  and  filtrate  are  such  as  have 
just  been  described  under  osmosis. 

In  fact,  factor  (vi)  above  gives  hydrostatic  ^pressure  as  one  of  the 
variables,  so  that  in  the  living  organism  cases  of  filtration  may  be 
classified  as  cases  of  osmosis  where  the  principal  determining  factor 
is  hydrostatic  pressure. 

The  following  factors  are  active  in  filtration: 
(i)  The  porosity  of  the  membrane. 

(ii)  The  degree  of  pressure. 

(ui)  The  character  of  the  liquid  to  be  filtered. 

(iv)  The  temperature  of  the  liquid. 

(v)  The  action  of  the  liquid  upon  the  membrane. 

(vi)  The  osmotic  relations  of  liquid  to  fihrate. 


4.   FORMER  THEORIES  OF  ABSORPTION  REVIEWED. 

a.  The  Vital  Energy  Theory.    ^  * 

The  earlier  theories  of  the  physiologists  regarding  the  forces 
involved  in  absorption  are  very  well  represented  by  Tiedemann  and 
Gmelin,*  who  likened  it  to  secretion,  and  conceived  that  it  was  practi- 
cally the  same  process  reversed  in  direction;  he  ascribed  to  the  cell  the 
force  necessary  to  accomplish  this  work,  and  looked  upon  it  as  one 
of  the  manifestations  of  the  vital  energy  of  the  cell. 

6.  The  Physical  Theory.   ^^  J 

The  next  generation  of  physiologists  experienced  a  reaction  against 
the  vital-energy  theory.  The  physical  phenomena  of  diffusion, 
osmosis,  and  imbibition  were  l)etter  understood.  Ludwig,  Briicke, 
and  their  associates  were  devoting  their  energies  toward  the  solution 
of  physiologic  problems  through  the  laws  of  chemistry,  physics,  and 
mechanics.  These  efforts  had  a  most  salutary  effect  upon  physiology, 
^rhat  field  of  human  knowledge  assumed  under  these  men  the  dignity 
of  an  experimental  science.  The  methods  of  investigation  were  the 
exact  methods  of  the  chemical  or  physical  laboratory. 

It  was  the  hope  of  this  school  of  physiologists  to  account  for  all 
of  the  phenomena  of  life  as  the  manifestation  of  the  action,  anil 

>  Quoted  by  Ileidenhaiii,  Arch.  f.  d.  gc8.  Physiol..  18H8,  Bd.  xlili..  S.  09. 
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more  or  less  complex  interaction,  of  the  forces  already  known  in 
chemistry  and  physics.  They  considered  that  the  processea  of 
digestion  are  chemical  processes,  pure  and  simple;  that  the  procetta 
of  absorption  are  physical  and  mechanical  processes,  pure  and  rinfle. 
The  epithelium  of  the  alimentary  canal  represents  a  dialyzer 
membrane ;  on  one  aide  is  the  blood  containing  rion-diffusible  proteins, 
on  the  other  the  products  of  digestion  containing  diffusible  proteins. 
If  the  salts  in  the  contents  of  the  alimentary  canal  make  too  strong 
a  solution — e.g.,  MgSO^ — water  diffuses  rapidly  into  the  canal  ao<J 
a  serous  catharsis  follows.    In  the  usual  relation  between  the  blood 


of  vilEl  during  perislalBlB. 


pla.'^ma  and  the  contents  of  the  canal  the  water  readily  diffuses  into 
the  blood.  Filtration  was  invoked  to  assist  osmosis  where  that  fuled 
to  satisfy  the  retjuircments.  Briicke  called  attention  to  the  fact  that 
peristalsis  causes  an  increased  pressure  in  certain  portions  of  the 
canal.  The  contraction  of  the  villi  empties  them,  d^i^^ng  the  contents 
of  the  lymph  radical  on  into  the  lacfeal.s  and  the  contents  of  the 
capillaries  on  into  the  venules  of  the  portal  system.  The  valves  in 
the  lacteals  and  the  veins  prevent  regurgitation  of  the  lymph  and 
blotwl  when  the  muscles  of  the  villi  relax.  The  natural  elasticity  of 
the  villi  tenils  to  cause  them  to  regain  their,  original  size,  thus  making 
a  negative  pi-essure  within  the  villi.     Attention  was  also  called  to 
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tile  fact  that  at  the  point  where  a  peristaltic  wave  contracts  the  canal 

to  one-half  or  one-third  its  usual  lumen,  the  apices  of  the  villi  come 

together  while  there  is  still  Uquid  around  their  bases  (Fig.  194).    A 

fiirther  contraction  puts  the  liquid  thus  enclosed  under  pressure.    The 

dii^ection  of  this  pressure  will  assist  its  filtration  into  the  villi. 

Absorption  of  fat  globules  was  looked  upon  as  a  purely  mechanical 
pix>cess  in  which  the  epithelial  cells  through  their  marginal  rods  or 
^e  lymph  corpuscles  engulfed  the  globules  and  transported  them 
'^^ily  to  the  lacteals.  It  was  expected  that  this  array  of  physical 
^'^d  mechanical  forces  would  account  for  all  the  phenomena  of 
^psorption.  More  searching  investigation  on  the  part  of  the  cham- 
pions of  the  physical  theory  revealed  the  inadequacy  of  physical  laws, 
^  Understood  by  physicists  to  account  for  the  observed  physiologic 
PHenomena. 

c.  The  Selection  Theory. 

The  pendulum  of  thought  has  swung  back  toward  the  vital  theory 
^^n.  We  do  not  use  "  vital  energy"  in  our  terminology,  because  the 
Hterature  of  the  past  prejudices  us  against  that  expression.  We  say 
Icno^ingly  that  the  cell  '* selects*'  the  materials  which  are  to  be 
absorbed,  but  the  mystery  is  as  great  in  selection  as  when  the  thing 
^as  accomplished  by  virtue  of  a  ''vital  energy."  Moore  sums  up 
Well  our  present  views  on  absorption.  "The  cells  of  a  secreting  gland 
take  up  certain  materials  from  the  lymph  in  which  they  are  bathed, 
and  from  these,  in  some  manner,  elaborate  certain  products  which 
are  passed  into  the  gland  lumen  as  a  secretion.  Similarly,  the  absorb- 
ing cells  of  the  intestine  take  up  certain  products  of  digestion  from 
the  intestinal  contents  by  which  they  are  bathed,  and  build  up  from 
these  certain  materials  which  pass  into  the  lymph  (and  plasma). 
So  thai  absorption  may  be  regarded  as  a  sort  of  reversed  secretion.  In 
both  cases  the  process  is  a  selective  one,** 

The  character  and  rate  of  the  secretion  are  much  influenced  by 
the  amount  and  the  pressure  of  the  blood  in  the  gland;  similarly  the 
character  and  rate  of  absorption  are  influenced  by  the  conditions 
which  exist  in  the  alimentary  tract.  Instead  of  looking  upon  the 
physical  forces  of  diffusion  and  pressure  as  the  sole  factors  of  absorp- 
tion we  now  recognize  them  as  modifying  factors. 

ITie  following  are  some  of  the  facts  which  prove  that  the  process 
of  absorption  is  not  one  of  simple  diffusion :  (a)  Alkali  albumin  and 
acid  albumin  are  practically  indiffusible,  yet  they  are  readily  absorbed 
from  the  large  intestine,  also  from  a  loop  of  small  intestine  in  the 
absence  of  all  proteolytic  enzymes,  (b)  **The  rate  of  absorption, 
from  the  intestine,  of  various  dissolved  substances  is  not  proportional 
to  their  diffusion  coefficients."    Rohmann*  found  that  from  a  mixture 

1  Afx;h.  f.  d.  ges.  PhyRiologie.  Bd.  xli.,  8.  411. 
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of  equal  paits  of  NejSO^  and  dextrose  the  more  slowly  diffusible 
dextrose  is  much  more  rapidly  absorbed  than  the  sodium  salt.  These 
facts  and  many  others  lead  physiologists  to  attribtUe  to  the  seUdme 
power  of  the  living  epithelial  cells  the  typical  phenomena  of  ahsorjiion , 
recognizing  meantime  that  osmosis  and  filtraiion  are  modifying  factors. 


THE  PHYSIOLOGY  OF  ABSORPTION. 

1.  ABSORPTION  FROM  DIFFERENT  PORTIONS  OF  THE 

ALIMENTARY  OANAL. 

a.  Absorption  from  the  Mouth. 

That  a  certain  amount  of  the  soluble  portions  of  the  food  is  absorbec^^ 
by  the  mucous  membrane  cannot  be  doubted.    But  oral  absorptioi 
is  solely  incident  to  the  sense  of  taste,  and  is  too  slight  to  be  taken  int 
account  as  a  factor  in  nutrition. 

b.  Absorption  from  the  Stomach. 

The  investigations  of  recent  years  tend  to  minimize  the  importance 
of  the  stomach,  not  only  in  digestion,  but  also  in  absorption.  Before 
the  subject  was  investigated  with  suflBcient  care  it  was  taught  that 
water  and  salts  are  absorbed  freely  by  the  stomach.  It  may  be 
demonstrated,  however,  that  only  a  very  small  proportion  (about 
1  per  cent.)  of  the  water  is  absorbed  even  when  a  considerable  quantity 
of  water  alone  is  taken  into  the  stomach. 

Salts  and  sugars  in  solution  are  absorbed  most  readily  when  the 
degree  of  concentration  is  considerable;  the  minimum  degree  at 
which  absorption  may  take  place  being  3  per  cent,  for  salts  and 
5  per  cent,  for  sugars;  the  most  favorable  degree  of  concentration 
being  20  piT  cent,  for  grape-sugar,  while  in  the  small  intestine  it  is 
0.5  per  cent. 

The  proteoses  and  peptones  are  probably  absorbed  to  a  certain 
extent  by  the  gastric  mucous  membrane;  at  any  rate  the  presence 
of  these  products  of  gastric  digestion  greatly  stimulates  the  activity 
of  the  gastric  glands. 

Alcohol  is  freely  and  rapidly  absorl)ed  by  the  stomach. 

c.  Absorption  from  the  Small  Intestine. 

Absorption  from  the  mouth  and  stomach  seems  to  be  purely 
incidental.     If  there  is  a  specialized  organ  of  absorption,  that  organ 
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5t  be  the  villus  of  the  small  intestine.    The  villus  seems  to  be 

?cially  fitted  structurally  for  absorption;  it  is  the  organ  which 

>rbs  nearly  all  of  the  liquid  nutriment  for  the  organism;  no  other 

?tion  may  be  ascribed  to  it. 

Tiese  considerations  justify  us  in  calling  the  villtis  the  organ  of 

>rption, 

rem  the  lumen  of  the  small  intestine  the  villi  absorb  the  products 

gastric  and  of  intestinal  digestion;  sugars,  proteoses,  peptones, 

y  acids,  soaps,  water,  salts,  etc. 

d.  Absorption  from  the  Large  Intestine. 

Vater  and  salts  are  readily  absorbed  by  the  large  intestine.  This 
us  seems  to  be  an  important  site  for  the  absorption  of  water,  as 
intestinal  contents  pass  the  ileoceecal  valve  in  a  liquid  state — 
ulating  chyme — and  enter  the  rectum  in  a  pasty  condition,  the 
er  having  been  largely  absorbed. 

bout  14  per  cent,  of  the  proteins  and  small  amount  of  sugars  and 
are  also  absorbed  from  the  large  intestine. 

lost  interesting  of  all  is  the  fact  that  enemata  of  undigested 
ein,  syntonin,  or  alkali  albumin,  even  dilute  egg  albumen,  is 
>rl)ed  in  suflBcient  quantity  to  nourish  an  animal. 


2.  THE  ABSORPTION  OF  DIFFERENT  FOODSTUFFS. 

a.  The  Absorption  of  Water. 

s  has  been  stated  above,  water  is  absorlied  principally  from  the 
11  and  large  intestines.  'Vhe  portion  absorl)ed  from  the  former 
bsorlxMl  mostly  from  the  lower  segment — viz.,  the  ileum — while 
the  first  portion  of  the  large  intestine  that  takes  up  most  of  the 
er  which  remains  in  the  intestinal  contents  when  they  pass  the 
?jecal  valve. 

*he  significance  of  these  facts  regarding  the  absorption  of  water 
ot  difficult  to  see.  If  the  water  were  largely  absorl)ed  in  the 
lach  and  the  upper  part  of  the  small  intestine,  the  absorption  of 
other  products  of  digestion  from  the  small  intestine  would  be 
'h  hindered,  because  experiment  has  shown  that  the  absorption 
he  dissolved  foodstuffs  is  much  facilitated  by  dilute  solutions, 
thermore,  the  movements  of  a  viscous  mass,  deprived  of  most 
.s  water,  would  Ix*  much  hindered. 

Itogether  it  seems  most  natural  and  advantageous  for  the  water 
e  absorl)ed  late  in  the  general  process  of  absorption. 
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b.  The  Absorption  of  Salts. 

If  the  laws  of  diffusion  dominate  the  process  of  absorption,  and 
if  osmotic  pressure  is  the  principal  force  involved  in  this  process, 
we  shall  expect  to  see  these  physical  laws  and  forces  especially 
evident  in  the  absorption  of  salts  and  their  solvent  water.    The 
serous  catharsis  referred  to  above  seems  to  be  an  example  of  a  diffusion 
of  water  from  the  blood  into  the  lumen  of  the  intestine,  induced  by 
the  high  concentration  of  the  salt  solution  in  the  intestine.    \Mien 
such  conditions  exist  in  a  dialyzer,  water  passes  through  the  mem- 
brane from  the  less  concentrated  into  the  more  concentrated  solution, 
while  salt  passes  from  the  more  concentrated  into  the  less  concentrated 
solution.    The  watery  stools  following  ingestion  of  strong  solutions 
of  MgSO^  and  related  salts  seem  to  confirm  this  theory.    Recent 
experiments  by  Wallace  and  Cushny^  show  that  "Dilute  solutions 
(isotonic)  of  the  saline  cathartics  retard  the  absorption  of  fluid  from 
the  stomach  and  small  intestine,  and  thus  act  by  rendering  (keeping) 
the  contents  more  watery  and  more  easily  moved  through  the  lower 
parts  of  the  alimentary  canal.     .     .     .     They  (dilute  solutions  of 
the  cathartics)  do  not  necessarily  increase  the  fluid  of  the  bowel,  but 
merely  fail  to  be  absorbed,  and  thus  render  the  feces  more  fluid  and 
more  easily  moved  through  the  large  intestine." 

The  same  observers  found  that  if  a  hyperisotonic  solution  of  MgSO^ 
be  introduced  into  the  intestine  it  is  reduced  to  the  isotonic  condition 
by  interchange  with  the  blood ;  while  if  a  hypoisotonic  solution  of 
MgSO^  be  introduced  into  the  intestine  it  is  raised  to  the  isotonic 
condition  by  interchange  with  the  blood,  probably  by  giving  up 
water  to  the  blood. 

If  instead  of  using  one  of  the  salts,  which  clinical  observations 
have  led  us  to  classify  as  cathartic  salts,  NaCl  be  used,  it  will  be 
found^  that  dilute  solutions  (0.3  to  0.5  per  cent.)  are  completely 
absorbed,  both  the  water  and  the  salt  passing  into  the  blood.  Wallace 
and  Cushny  observed  a  similar  phenomenon. 

Evidently,  then,  the  absorption  of  salts  (and  water)  obeys  the  laws 
of  diffusion  more  or  less  faithfully  according  to  the  soli  in  solution. 

WTiy  NaCl  should  pass  the  epithelial  boundary  so  readily  while 
the  passage  of  MgSO^  is  practically  barred  out,  can  only  be  accounted 
for  on  the  basis  of  a  selective  act  on  the  part  of  the  epithelial  cells. 
From  the  accounts  of  experiments  with  the  two  classes  of  salts 
represented  by  NaCl  and  MgSO^,  one  can  scarcely  avoid  the  con- 
viction that  the  presence  of  such  salts  as  MgSO^  in  the  intestine  affects 
the  epithelium  by  suspending  its  selective  power  and  reducing  it  to  a 
mere  passive  membrane  subject  to  the  laws  of  simple  diffusion.    That 

1  Intestinal  Absorption  and  Saline  Cathartics,  American  Journal  of  Physiology,  July,  1896, 
vol.  i.,  No.  4. 
'  Heidenhain,  PflUger's  Archiv,  1894.  vol.  Ivi.,  S.  579. 
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such  an  effect,  especially  when  produced  by  strongly  hyperisotonic 
solutions,  may  be  deleterious  to  the  system  is  not  unlikely.  The 
question  deserves  investigation. 

Summarizing,  one  may  say:     The  soluble  salts,  common  in  the 
food9,  are  readily  absorbed  by  the  epithelium  of  the  smaU  intestine. 
\  ^ht  absorption,  though  influenced  by  the  laws  of  diffusion,  responds 
\  P^Tnarily  to  the  selective  power  of  the  epithelial  cells, 

c.  The  Absorption  of  Carbohydrates. 

The  whole  process  of  carbohydrate  digestion  points  toward  the 
Monosaccharides  as  the  form  in  which  carbohydrates  are  to  be 
absorbed. 

The  fact  that  only  the  monosaccharides,  especially  dextrose,  may 
be  found  in  the  blood  of  the  portal  vein  seems  to  confirm  this  indi- 
cation.    Rohmann^  found  that  starch  solution  disappears  rapidly 
from  an  intestinal  loop.    The  succus  entericus  has  almost  no  action 
',    Upon  starch.    It  must  then  be  absorbed  as  starch  by  the  epithelial 
\  cells.     It  leaves  those  cells  as  dextrose.    The  cells  must,  then,  have 
^  the  power  to  digest  starch.    Experiments  of  other  investigators  also 
•  \point  to  similar  conclusions. 

1  V  Under  the  usual  conditions,  however,  it  is  certain  that  by  far  the 
\  greater  part  of  the  carbohydrates  is  absorl^ed  in  the  form  of  mono- 
saccharides— dextrose,  levulose,  galactose — from  the  small  intestine, 
and  an  unimportant  fraction  may  be  absorbed  in  the  form  of  disac- 
larides,  or  even  polysaccharides;  a  small  proportion  is  absorbed 
by  the  stomach  and  large  intestine. 

d.  The  Absorption  of  Proteins. 

As  in  the  case  of  carbohydrates,  so  in  the  case  of  proteins,  the 
processes  of  digestion  are  processes  of  solution  and  change  from 
indiffusible  to  diffusible  forms.  That  the  solution  of  proteins  is 
necessary  would  seem  certain;  yet,  diluted,  not  dissolved,  egg 
albumen  is  absorbed  from  the  large  intestine  when  given  as  an 
enema,  and  diluted  egg  albumen  is  absorbed  (16  to  33  per  cent.) 
from  a  loop  of  intestine  in  the  absence  of  all  proteolytic  enzymes. 
Actual  chemical  solution  is,  then,  not  a  necessary  preliminary  to 
absorption;  it  is  only  necessary  that  the  protein  \ye  in  a  dilute  liquid 
form.  When  the  ideas  of  physiologists  on  this  problem  were  made 
to  harmonize  with  the  osmosis  theory,  the  reduction  to  a  diffusible 
peptone  was  looked  upon  as  a  necessary  preliminary  to  absorption. 
Though  peptone  is  diffusible,  its  diffusibility  is  much  too  low  and  its 
rate  much  too  slow  to  account  for  what  actually  takes  place  in  the 
alimentary  canal.    Acid  albumin  or  alkali  albumin  is  al)sorl)ed  from 

»  Pflttger'8  Archlv,  1887.  Bd.  xll.,  S411. 
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a  loop  of  intestine  almost  as  completely  as  are  peptones  and  proteoses, 
though  much  more  slowly  than  they  (i.  e,,  about  60  to  70  per  cent. 
in  twenty-four  hours — ^Huber,  1891).  Tlie  amount  of  leucin,  iyrom, 
and  allied  bodies  formed  in  normal  digestion  is  probably  very  small 
because  of  the  rapid  absorption  of  the  proteoses  and  peptones; 
naturally,  then,  the  amount  of  these  amido-acids  normally  absorbed 
will  be  small.  A  small  amount  of  proteins  is  absorbed  from  the 
stomach,  about  14  per  cent,  from  the  large  intestine,  and  all  the 
remainder — 80  to  85  per  cent. — ^from  the  small  intestine. 

Summary :   Of  the  proteins  a  large  proportion  is  absorbed  by  the  \ 
j   small  intestine  in  the  form  of  proteoses  and  peptones.    A  smaU  fori  ' 
1  of  the  proteins  may  be  absorbed  from  the  alimentary  canal  in  the  jom 
\of  alkali  albumin  or  acid  albumin  or  even  as  native  proteid. 


iC, 


The  Absorption  of  Fats.    ] 


The  digestive  processes  of  the  small  intestine  change  fat  to  a 
mixture  of  fatty  acids,  glycerin,  soaps,  and  emulsified  fats.  The 
fatty  acids  are  soluble  in  the  bile  acids.  Glycerin  and  the  sodium 
and  the  potassium  soaps  are  soluble  in  water;  calcium  and  magnesium 
soaps  are  soluble  in  the  bile  salts — ^probably  changed  to  sodium  soaps. 
The  large  amount  of  emulsion  as  compared  to  the  amounts  of  the 
other  forms  found  in  the  intestine,  together  with  the  discovery  of 
innumerable  oil  globules  in  the  epithelial  cells  during  absorption, 
and  the  appearance  of  oil  globules — emulsion — ^in  the  chyle  of  the 
lacteals  during  absorption,  led  physiologists  to  conclude  that  the  fat 
is  absorl>ed,  for  the  most  part,  in  the  form  of  an  emulsion.  Earnest 
efforts  have  lx*en  made  to  reconcile  this  theory  with  the  recognized 
limitations  of  fixed  epithelial  cells. 

Before  we  accept  the  emulsion  theory  of  absorption  the  following 
facts  should  he  considered: 

1.  Ingested  soluble  soaps  are  absorbed.^ 

2.  Soap  and  glycerin  are  absorbed  and  synthesized,  after  absorp- 
tion and  before  the  lacteals  are  reached,  into  neutral  fat  which 
circulates  through  the  lacteals  as  a  typical  chyle  emulsion.  The 
epithelial  cells  when  treated  ivith  osmic  acid  show  abundant  oil  globules? 

3.  Ingi\sti()n  of  free  fatty  acid  and  glycerin  is  followed  by  a  syn- 
thesis within  the  epithelium  and  the  appearance  of  fat  globules  there.' 

4.  Ingestion  of  free  fatty  acid  alone  was  followed  by  the  appear- 
ance of  fat  globules  in  the  epithelial  cells.  In  this  case  the  celb 
must  have  furnished,  from  some  source,  the  glycerin  constituents 
of  the  fat  formed. 

5.  Steaj)sin  acts  rapidly  uj>on  the  fat  and  in  the  usual  time  con- 

>  Radziejowski.  Vin'how's  Arohiv,  Bd.  Ivi.,  8.  2n. 
'  Perowdznikotr,  Schafer's  Physiology,  vol.  i.  p.  451. 
•'  Will.  Aroh.  t.  d.  ges.  Physiol.,  Bd.  xx.,  8.  265. 
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[  in  intestinal  digestion  would  be  able  to  change  the  usual 
it  of  fatty  food  into  fatty  acid  and  glycerin/ 
t  has  been  objected  to  the  soap  theory  that  the  amount  of 
),  necessary  to  saponify  the  fat  of  one  meal  would  be  three  or 
mes  as  much  as  the  whole  body  contains.  Moore  calls  attention 
fact  that  once  the  soap  passes  into  the  epithelium  the  Na  is  of 
ther  use  in  the  cell  and  can  be  used  over  and  over  again  as  a 
•.  One  can  conceive  of  a  sodium  atom  (i)  being  carried  into 
testine  as  a  part  of  the  secretion  combined  with  CO,;  (ii) 
Ing  the  COj  to  join  with  a  molecule  of  palmitic  or  other  fatty 
nd  passing  into  the  cell;  (iii)  dropping  the  palmitic  acid  for 
;  (iv)  passing  to  the  intestinal  surface  of  the  cell;  (v)  saponifying 
?r  molecule  of  palmitic  acid  carrying  it  into  the  cell;  and  again 
;  with  — OH,  etc.,  repeating  the  cycle  indefinitely.  The  form- 
of  soap  on  the  outer  side  of  the  epithelium  is  a  spontaneous 
zdX  reaction.  The  breaking  up  of  that  molecule  to  liberate 
ic  acid  for  synthesis  with  glycerin  and  Na  for  synthesis  with 

is  probably  due  to  a  ferment  action  of  the  cell.  Note  that  a 
I  vital  force  is  called  in  at  the  critical  point.  The  same  force 
ye  invoked  to  put  the  NaOH  out  on  the  proper  side  of  the  cell. 
?atty  acids  are  soluble  in  bile  acids.  A  series  of  observations 
mann'  and  by  his  pupil,  Krehl,  show  that  the  fatty  acids  dis- 

in  the  bile  acids  are  absorbed,  and  synthesized  into  neutral 
ith  formation  of  fat  globules  in  the  epithelium, 
m  the  observations  above  cited  it  is  evident:  (i)  that  the 
ranee  of  fat  globules  in  the  epithelial  cells  and  the  lacteals 
lot  necessarily  demonstrate  that  the  fat  is  absorbed  as  an 
on;  (ii)  that  the  appearance  of  fat  globules  in  the  epithelial 
Lnd  the  lacteals  after  ingestion  of  soaps  or  of  fatty  acid  and 
in  does  demonstrate  that  the  elements  of  fats  may  be  absorbed 

form  and  neutral  fat  synthesized  by  the  cells  from  the  elements; 
bat  special  cell  activity  is  necessary  in  either  case, 
en  two  alternatives  are  presented  the  physiologist  is  wise  to 
;  with  suspended  final  judgment  the  one  which  is  most  reason- 
nd  most  in  harmony  with  other  similar  processes. 
imiiy:  The  Emulsion  Theory  of  fat  absorption  is  that  by 
J  greater  part  of  the  fat  passes  into  the  cells  in  the  form  of  small 
es,  neutral  fat  in  emulsion ,  or  of  fatty  acid  in  emvlsion,  while 
ute  portion  m>ay  be  absorbed  as  soap, 

E  Solution  1%eory  of  fat  absorption  w  thai  at  the  moment  of 
\g  the  epithelial  cell  the  fai  or  fat  elements  are  in  solution  either  as 
in  aqueous  solution  or  as  fatty  acids  in  solution  in  biliary  avoids; 
le  absorbed  elements  are  synthesized  in  the  epithelial  cell,  forming 
I  fat  which  appears  in  globules,  and  that  these  globules  pass 
he  cells  into  the  lacteats,  forming  the  milky  chyle, 

>  Rachford.  Jonraal  of  Physiology,  vol.  xii.  p.  92. 

*  Arcb.  f.  Anal.  u.  Phys.,  Leipzig,  1889,  Suppl.  Bd.,  8.  86;  cited  by  Moore. 
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METABOLISM. 
INTEODUOTION. 

1.  METABOLISM  DEFINED  AND  CLASSIFIED.  \i\ 

Phe  German  physiologists  were  first  to  separate  out  from  the 

leral  territory  of  nutrition  a  special  field  in  which  to  include 

those  chemical  processes  by  which  matter  is  transformed  from 
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non-living  nutrients  to  living  protoplasm,  and  from  living  proto- 
plasm to  dead  excreta.    '^This  change  of  matter  was  called  StoffweeKsd; 
our  technical  term  metabolism  is  used  to  cover  the  same  field. 
Reference  was  made  to  the  building  up  of  nutrients  into  living 
protoplasm  and  to  a  reversed  process.    These  chemical  phases  of 
metabolism    are    called,  respectively,  Anabolism    and    KataMwa, 
These  terms  are  not  so  circumscribed,  however,  as  might  seem 
fn)m  the  foregoing.    Anabolism  includes  all  those  chemical  changes 
by  which  molecular  structure  becomes  more  complex  and  energy  is 
made  latent;   while  kaiabolism  includes  all  the  chemical  chang<e-s 
by  which  molecular  structure  becomes  more  simple  and  energy    «J 
liberated. 

Besides  the  above  classification,  based  on  the  character  of  tl  m^ 
chemical  change,  we  may  classify  the  metabolic  processes  on  the  bass-i- 
of  the  structures  producing  the  change:  (i)  Digestive  metaboHr-^^ 
in  the  gastrointestinal  tract;  (ii)  Special  metabolism  in  the  orgarr^ 
particularly  detailed ;  thyroid,  thymus,  suprarenals,  and  genital  gland^^ 
(ni)  Cellular  general  metabolism  in  each  cell,  from  material  brougl 
to  it  which  is,  however,  also  modified  for  use  m  loco. 


2.  METABOLIC  TISSUES  AND  ORGANS:    THE  LIVER. 

All  specialized  functions  of  the  li\nng  organism  are  perform 
by  specialized  tissues  or  organs  or  systems  of  organs.  Metabolism, 
however,  is  not  a  specialized  function;  it  includes  the  chemical 
phases  of  every  tissue  activity,  and  is  usually  incidental  to  a  primary 
function.  For  example:  the  primary  function  of  the  glandular  tis- 
sues is  secretion ;  but  incidental  to  the  secretion  is  a  series  of  chem- 
ical changes  which  may  be  considered  under  the  head  of  metal)- 
olism.  In  a  similar  manner  muscular  and  nervous  tissue  posst*ss 
primary  functions  peculiar  to  them  and  undergo  metabolic  changes 
in  the  performance  of  those  functions.  All  active  tissues,  then,  are 
metabolic  tissues.  The  metabolic  tissues  may  be  classified  as  mus- 
cidar,  nervous,  and  glandidar. 

If  there  is  an  organ  that  may  properly  be  classified  as  an  organ  of 
metabolism,  that  organ  is  the  liver. 

The  extertial  secretion  of  the  liver  is  made  up  partly  of  substances 
which  exert  a  more  or  less  potent  effect  upon  the  processes  of  intestinal 
digestion,  and  partly  of  substances  which  are  apparently  simple 
excretions  (bilirubin,  biliverdin). 

The  internal  secretion  is  composed  either  (i)  of  substances  on  their 
way  to  excretion,  or  (ii)  of  substances  which  are  to  be  subjected  to 
further  katalK>lisni  in  other  active  tissues.  To  be  concrete,  the  bile 
pigments,  salts,  and  acids;  the  urea  and  uric  acid,  and  the  glycogen 
and  dextrose  are  products  of  liver  metal)olism.     Metabolism  is  the 
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I  ptiDcipal  function.  The  liver  is  the  great  central  whirlpool  of  the 
!  drculatiDg  nutrients;  it  is  the  centre  of  body  metabolism;  it  may  be 
'      oJIed  the  organ  of  metabolism. 

TTie  anatomic  features  of  the  liver  which  are  of  special  importance 
to  the  physiologist  may  be  thus  summarized: 

1.  TTie  liver  Is  supplied  with  blood  from  two  sources:  (a)  Portal 
fenotu  system  from  the  capillaries  of  the  intestines  to  tlie  interlobular 
imnches  of  the  portal  veins,  (b)  Hepatic  arteri/  bringing  arterial 
Mood  which  mixes  with  the  portal  blood  within  the  lobule.  Interposed 
then  between  an  enormous  absorbing,  anabolic  surface — the  gastro- 


n.  ■■3. 

n  bcpftllc  lobule.    (Siymono 


Intestinal  tract — and  the  rest  of  the  body,  the  liver  represents  the" 
extremely  complex  final  katabolic  surface. 

2.  The  hepatic  veins  collect  the  bloo<l  and  carry  it  to  the  vena  cava^ 

3.  The  biliary  secretion  is  collected  by  minute  bile  capillaries— 
intracellular  and  intercellular — arranged  in  a  fine  meshwork,  while 
on  one  side  at  least  the  liver  cell  is  in  close  apposition  with  a  nutrient 
bloodvessel  from  which  it  selects  and  elalmrates  the  various  in- 
gredients of  bile. 

4.  The  biliary  secretion  is  collectctl  at  the  periphery  of  the  lobule 
by  the  interlobular  bile-tlucts,  and  is  poured  into  the  <lii<)<lemmi 
during  the  digestive  activity  of  that  viscns. 
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a.  The  Oeneral  Physiology  of  the  Liver,    k.^ '. 

The   phylogenic   and   ontogenic   evolution   of   the  liver  conasts 
of    such    physiologic    and    anatomic    modifications    that,  from  a 
gland  primarily  digestive  or  intestinal,  it  becomes  one  simullaneaiiijlj 
biliary,  uropoiefic,    and  htemalopoirlte, 
"'"  ""  and  finally,  in  man  and  higher  animals 

— subsequent  to  the  growing  function 
of  the  pancreas  —  it  develops  into  in 
organ  elaborating  most  important  in- 
temal  secretions.  ITiis  role  of  the  Uitt 
being  thus  foreshadowed  by  evolution- 
ary changes  comes  to  full  expression  in 
fetal  life.  In  the  human  fcetus  of  one 
month  it  constitutes  one-half  of  the  total 
Ixidy  weight ;  in  the  third  month  it 
amounts  to  one-third  of  the  total  weigfal; 
at  term  it  weighs  one-twentieth  of  ihe 
entire  body  and  in  the  adult  it  equals 
one  thirty-third  of  the  body.  In  the 
ontogenic  development  the  external, 
hientatopoietie  and  biliary  functiDn 
DiKgismofibesiraiiureoftheiiver:  gradually  recede  to  givc  room  for  ihf 
which  Tr^k^up  in^'it"!"!^.":  i^t^nia'  secretion.s  which,  in  the  ewe  of 
uortof  the  lobule ;  H,  V.,  central  inirs-  the  Uver,  play  perhaps  a  more  important 
lobular  ^iii.n  branch  of  the  hepatic;  ^ole  than  ofany  Other  Organ. 
H.  .4.- heniiilc  artery,  supplying  nulri-  ,,  ,   .,        "^       .     .   ..  F        ,         ._ 

Hoiilolho  Inleclobular  Mrnclurenand  ^'"^  "'    ^"^   most  Stnking  characters 

unninnUiiK  In  the  lobuUr  capiiur>-    of  the  liver  is  the  fact  that  it  has  WW 

Det-mk:  /(.A,  the  interlobular  bUc     /„„rtw7W     highly     specialized.    SuA   K 


duct  which  lakes  up  I 
■llheiHiriiiheryol  111 


Ic-capiUarleB 


uropoiesis,  elaboration  of  purin  bwfies 


Flii. 


<vll  ur 


lie.    Thu  Ininirvlliilar  bile  | 

Km.  liiH.-l,lver  cell  fniin  *  (Iiib 

vacuole* of  the  ii'll  li--ij-,  bmwn 

are  <lne  tn  theunlTance  nf  fluid  h 

Injeclloii.    (Bruvilci.j    X  700. 


iflel,  from  a  hunuin  Uver  in  «hrfh  ihereliadammlnsbaeto' 
iwaees  are  mul^h  dilated.    (Rmwlci.) 

Intheniii-leusa  biemoElabln  crjrtlal  li  to  be  leenMntte 
leoUe-lIke  erynlnls  of  niethnmoslobln  ire  Ibnnd.  The  ktM 
'UioKlriblu  liiln  the  liver  eella  after  IntTannoua  biemdilotiiii 


pig.  S-— Dlapnirn  or  the  Uvar.     Thi 

Ilia   p>«aBO«*   »ra    black,    the   nrterii 

-    -      -      »{     J,   dOO*-        The      ■   - 
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iric  acid,  xanthin,  hypoxanthin,  guanin,  etc.),  chromopoiesis  and 
e  secretion  of  bile  acids;  while  less  specialized  functions  it  shares 
th  the  pancreas  (glycolysis)  and  with  the  haematopoietic  organs 
itizymotic  and  antitoxic  action).  Of  all  these  hepatic  functions 
*re  are  two  about  which  we  know  a  great  deal  more  than  about 
lers:  (i)  its  glycogenic  activity  and  (ii)  the  biliary  function.  This 
probably  because  the  disturbances  of  these  functions  are  more 
ieldy  and  clearly  manifested  than  is  the  case  with  other  liver  func- 
ns. 

6.  The  Functions  of  the  Liver. 

1 .  Assimilation  or  metabolism. 
(fl)  Carbohydrate  metabolism, 

(a)  Glycogenesis. 

(/')  Glycolysis. 
(6)  Fat  metabolism. 

(a)  Production  or  synthesis  of  fats,  from  proteins. 

(fl)  Fixation  of  fat,  lipopexy. 
(c)  Proteid  metabolism. 

(a)  Proteolysis. 

(/5)  Manufacture  of  NH^  group,  of  uric  acid,  urea. 

(r)  Elimination  of  t}Tosin  and  of  leucin. 

2.  Biliary  Function. 

(a)  Secretory :  elaboration  of  bile  acids. 

(6)  Excretory:    or     chromopoictic,    elimination    of    pigments 

brought  thither  mainly  by  the  phagocytic  leukocytes, 
(c)  Digestive:  in  the  intestinal  canal,  especially  in  the  duodenum. 

(a)  Influence  on  action  of  pancreatic  enzymes. 

(/?)  Influence  on  peristalsis. 

(r)  Inhibition  of  intestinal  putrefaction. 

(S)  Saponification  of  fats. 

3.  ILematopoiesis. 

(a)  Hwrn^ogenesis  (i)  It  regulates  the  haemoglobin  percentage  of 
the  blood  by  storing  iron.  (Kunkel.)  (ii)  Actual  hiemo- 
genesis,  very  manifest  in  fetal  life,  and  in  the  adult  of 
subordinate  role  except  in  inflammatory  conditions.  The 
more  remote  from  fetal  life,  the  more  will  the  liver  give 
up  its  erythrogenic  functions  to  the  spleen  and  bone- 
marrow. 

(6)  Ilcemolysis:  a  wcll-ostablished  activity,  but  whose  role  is  not 
as  yet  well  known. 

(c)  Upon  bUx)d  coagulation  :  acting  upon  fibrin,  elaborating 
coagulating  and  anticoagulating  ferments. 

4.  URfKiKNESifi.    Several  constituents  of  the  urine  are  formed  in 

the  liver  to  l)e  transported  by  the  circulation  to  the  kid- 
neys, where  they  are  excreted. 
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(a)  Urea  is   formed  from   such  substances   as  aimnonium 
carbonate,  ammonium  lactate,  kreatin,  glydn,  etc. 

(/^)  Uric  acid  is  formed  from  midproducts  of  nucleoalbumLxk 
katabolism,  probably  from  the  purin  bodies. 

(y)  Urates,  formed  by  conjugation  of  uric  acid  with  metals. 

(8)  Various  other  urinary  constituents. 

5.  Antitoxic  and  Antizymotic  Function. 
(a)  Toward  microbic  poisons. 
(6)  Toward  other  exogenic  poisons. 

(a)  Animal  alkaloids. 
(ji)  Vegetable  alkaloid:  nicotine. 
(r)  Mineral  poisons:  heavy  metals. 
It  has  been  conclusively  shown  that  the  liver  transforms  vegetal 
and  animal  alkaloids  and  diminishes  their  activity  from  30  to  50 
cent.     Furthermore,  this  antitoxic  property  is  in  direct  proporti 
to  its  glycogen  content.    This  has  been  proven  for  nicotine,  phi 
phoric  acid,  etc. 

(c)  Detoxication   of    poisonous   substances,    elaborated   in  tt»c 
human  body,  by  bacterial  action  in  the  intestines 
otherwise.    This  is  effected  in  various  ways: 
(a)  Sulphoconjugation    of   higher    phenols — e.g.,    indol 

indican. 
(/?)  Production  of  ammonia  radical,  to  counteract  the  fattr 
acids — e.  g.,  oxybutyric  and  diacetic  acids. 

6.  Zymogenesis.  The  liver  forms  several  enzymes  subject  to 
classification  as  (i)  Oxydases  and  (ii)  Reducases.  The  action  of  these 
enzymes  is  without  doubt  of  great  importance,  but  their  relation  to 
metabolism  is  at  present  somewhat  problematic. 

It  is  likely  that  the  oxydases  form  a  part  of  the  defence  of  the 
organism  by  destroying  toxins  absorbed  from  the  alimentary  canal. 
The  reducases  may  l>e  the  agent  through  which  the  organism  builds 
fat  from  carlx)hy(lrates — a  process  which  requires  a  reducing  agent. 
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3.  THE  INCOME  AND  OUTGO  OF  MATTER. 


Th(»  manifestations  of  life  are  the  manifestations  of  kinetic  energy. 
In  the  animal  organism  the  energy  is  received  as  potential  chemiwl 
(Miergy  and  exjxMidod  almost  wholly  as  kinetic  energy.  As  far  as  it  k 
known,  energy  exists  in  nature  only  in  association  with  matter: 
gravitation,  motor  motion,  chemisin,  heat,  and  light  are  all  intimately 
associated  with  matter,  and  if  transmitted,  that  transmission  can  take 
place  only  throngh  the  agency  of  matter.  If,  then,  the  animal 
organism  is  to  receive,  transform,  and  expend  energy  it  must  receive, 
transform,  and  excrete  matter.  The  whole  process  is  called  nutrition. 
We  hav(»  followed  the  process  through  the  reception  of  food  materials 
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into  the  alimentary  canal,  their  partial  transformation  (their  digestion) 

^  the  stomach  and  intestine,  and  their  absorption  into  the  organism. 

The  amomit  of  the  income  is  the  amount  of  absorbed  matter,  and 

^e  amount  of  the  outgo  is  the  sum  of  the  excretions  from  kidneys, 

sfan,  lungs,  etc. 


4.  WEIGHT  EQUILIBRIUM. 


\"-.   ■  1 


If  the  absorbed  matter  equals  in  weight  the  excreted  matter,  the 
|?dy  will  neither  increase  nor  decrease  in  weight;  it  will  be  in  equi" 
^^Vwi.  Perfect  equilibrium  seldom  exists;  during  youth  there  is  a 
•"^^ijal  increase  in  weight;  during  adult  life  there  is  approximate 
l^ilibrium,  while  during  the  senile  period  there  is  usually  a  gradual 
^***ase  in  the  body  weight.  But  this  only  indicates  the  general 
^^i*se  of  the  curve  of  income  and  outgo.  Many  factors  enter  into 
'^  problem  of  body  growth  and  equilibrium  to  cause  numerous 
^^or  curves  to  be  superimposed  upon  the  general  curve.  The 
^Virrence  of  one  or  two  large  waves  on  that  part  of  the  curve  which 
'F^t^sents  the  period  of  growth  gives  rise  to  the  '' wave  theory  of 
^^^>vih."  Besides  these  large  waves  there  are  small  waves  occurring 
^^b  year,  and  possibly  even  smaller  diurnal  waves. 

The  physiologic  test  of  equilibrium  is  made  by  taking  the  weight 
^t  short  intervals.  The  method  is  like  getting  an  idea  of  business  by 
Noting  the  daily  balances;  it  shows  the  equilibrium,  but  gives  only  a 
^ague  idea  of  the  magnitude  of  the  exchange  between  debits  and 
credits.  In  the  chemical  test  of  equilibrium,  on  the  other  hand,  the 
debits  and  credits  of  an  organism  are  determined  by  finding  the 
quantity  of  absorbed  material  and  by  determining  the  quantity  of 
urea,  water,  and  carbon  dioxide  excreted.  If  the  nitrogen  of  the 
?gesta  equals  the  nitrogen  of  the  ingesta,  the  organism  is  said  to  be 
n  a  state  of  "nitrogen  equilibrium."  If  the  total  egesta  equals  the 
otal  ingesta  the  organism  as  a  whole  is  in  a  state  of  equilibrium. 

5.  THE  OntOULATION  OF  THE  ELEMENTS.   V  ^; 

This  is  one  of  the  most  interesting  and  im{)ortant  chapters  of  physi- 
ology; it  is  the  most  striking  proof  of  the  conservation  of  energy. 
Svery  constituent  of  the  human  lx)dy  circulates  in  some  form  or 
>ther,  be  it  solid,  liquid, or  gaseous.  It  moves  and  is  moved  to  and 
rom  the  place  of  activity  assigned  to  it  by  unknown,  but  yet 
existing,  forces.  like  every  cell,  these  circulating  elements  have  their 
ycle  of  activity;  electively  absorlx^d  and  iissiniilated;  kept  somewhere 
n  the  body  inaccessible  to  harmful  conditions,  ready  for  use,  trans- 
erred  thither,  used  in  the  great  lalK)ratory  of  the  Ixxly,  and  then 
emoved  by  special  conveying  agents  to  organs  particularly  entrusted 
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with  their  final  removal  from  the  system.  The  mechanism  of  this 
circulation  in  the  human  body  \s  very  little  known  as  yet,  but  even 
those  few  established  facts  are  well  calculated  to  excite  the  con- 
tinual admiration  of  the  thinking  physiologist. 

The  minerals  incorporated  into  the  system  undoubtedly  perform 
greater  service  to  the  economy  than  we  usually  ascribe  to  them. 
Their  influence  upon  ferments — oxydases  and  reducases — v&  now 
generally  admitted.  Iron,  iodine,  manganese  are  the  vital  agents  in 
some  of  the  essential  functions  of  human  existence.  The  chlorides 
play  an  extremely  important  role  in  the  protective  detoxicating 
agencies  of  the  body.  Again,  phosphorus  is  a  necessary  ingredient 
of  animal  tissues. 

(a)  Oarbon. — ^This  element  enters  the  system  as  an  important 
constituent  of  all  the  foodstuffs.  It  is  built  up  into  all  of  the  tissues 
and  eventually  it  is  combined  with  oxygen  to  form  CO,,  which  is 
excreted  by  the  lungs  in  the  gaseous  form,  or  it  may  be  combmed 
with  O,  N,  and  H  in  urea  or  uric  acid,  etc.,  and  excreted  by  the 
kidneys. 

(6)  Hydrogen  enters  the  system  as  a  constituent  of  all  foodstuffs, 
including  water.  Like  carbon,  it  is  a  constituent  of  all  tissues.  It  is 
excreted  in  the  form  of  HjO  by  kidneys,  skin,  and  lungs;  thou^  a 
part  is  excreted  as  a  constituent  of  urea,  uric  acid,  and  allied  bodies. 
Most  of  that  hydrogen  which  enters  the  system  combined  with 
oxygen  in  water  leaves  the  body  as  water,  never  having  been  separated 
from  the  oxygen. 

(c)  Nitrogen  is  brought  to  the  system  only  through  the  protein 
foods.  It  is  a  necessary  constituent  of  all  active  tissues,  muscle 
tissue,  glfi^ndular  tissue,  and  nerve  tissue.  In  the  metabolism  of  the 
tissues  it  is,  step  by  step,  freed  from  its  complex  combinations  until 
finally  it  is  excreted  by  the  kidneys  with  C,  H,  and  O  in  urea,  uric 
acid,  etc. 

{d)  Oxygen  enters  the  system  uncombined  and  variously  com- 
bined. As  a  gas  it  enters  the  lungs,  is  taken  up  by  the  haemoglobin, 
transported  to  the  tissues,  where  it  plays  a  prominent  part  in  kat- 
abolism.  It  finally  leaves  the  cell  combined  with  H  in  H^O,  with  C 
in  COj,  or  with  C,  H,  and  N  in  urea  or  uric  acid.  In  these  forms  it 
is  excreted  by  the  lungs,  skin,  or  kidneys.  A  large  quantity  of  oxygen 
enters  the  system  in  combination  in  the  various  foodstuffs.  TTiis  part 
of  the  oxygen  is  excreted  in  the  same  combinations  as  the  oxygen  of 
respiration. 

{e)  Phosphorus  enters  the  system  with  the  proteins.  Though 
phosphorus  is  a  constituent  of  few  protein  foods  (nuclein,  ner\'e 
tissue,  blood  plasma,  lymph,  and  nulk),  one  or  more  of  these  is 
usually  ass()ciat(Ml  with  each  kind  of  nitrogenous  food,  so  that  the 
system  receives  a  considerable  amount.  In  the  body  it  is  a  con- 
stituent of  the  tissues  and  fluids  enumerated  above;  and,  combined 
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as  Ca,(PO^)j,  it  is  a  most  important  constituent  of  bone.  It  is  ex- 
creted by  the  kidneys  as  calcium,  magnesium,  or  ammonio-magnesium 
phosphate. 

(/)  Sulphur  is  received  in  combination  in  proteins,  is  built  up 
into  the  body  proteins,  and  is  excreted  by  the  kidneys  as  free  sulphuric 
acid,  or  as  HKSO^  or  HNaSO^,  or  it  may  be  joined  to  phenol  as 
phenolsulphuric  acid,  phenolsulphate  of  potassium,  etc. 

Tins  element  plays  a  prominent,  although  defectively  known,  role 
in  the  economy.  We  ingest  with  our  daily  quantum  of  proteins  (107 
grams,  Gautier)  1  gm.  of  sulphur;  four-fifths  of  this  is  metalx)lized 
and  give  rise  to  2  gm.  of  anhydrous  SOg  per  twenty-four  hours.  As 
measured  by  the  daily  output  of  sulphur  in  the  urine,  etc.,  there  are 
two  ways  in  which  sulphur  is  used  in  the  system : 

(a)  Acid  Sulphur  Compounds:  sulphur  esters  of  katabolized 
proteins. 

(i)  Employed  to  detoxicate  by  sulphoconjugation  of  phenols  and 
other  products  of  albuminoid  disintegration.  ITiey  form  8  to  12  per 
cent,  of  the  total  sulphur  of  the  urine. 

(ii)  Used  in  the  osmotic  interchange  of  nutritive  substances  between 
the  cells  and  their  surrounding  medium  by  combining  with  such  bases 
as  Na,  K,  Ca,  Mg  (of  these  latter  sulphates  about  4  gm.  per  day 
are  excreted). 

(^)  Neutral  Sulphur  Compounds,  that  is,  such  as  are  derived 
directly  from  the  katabolized  cell  and  nuclein  protoplasm.  Into  this 
group  come  the  alloxur  bodies,  uric  acid,  alloxyproteinic  acid, 
uroferric  acid,  etc.  Neutral  sulphur  metabolism  has  a  normal 
constant  equilibrium  varying  only  in  different  individuals,  while  the 
oxidized  or  sulphur  esters  vary  with  different  individuals  and  in  the 
same  individual. 

(g)  Ohlorine  enters  the  Ixxly  in  combination  with  sodium.  As 
far  as  is  known,  it  is  separated  from  this  combination,  if  at  all, 
only  in  the  parietal  cells  of  the  peptic  glands.  That  part  of  the  HCl 
which  is  absorbed  from  the  alimentary  canal  comes  into  contact  with 
Na^CO,  or  NaHCO,  of  the  blood  and  forms  1 1/),  C(\  and  NaCl, 
which  are  excreted. 

(h)  Iron  is  the  most  important  of  the  metals  and  at   the   same 

time  it  is  the  most  difficult  one  of  them  to  absorb  and  assimilate. 

Recent  investigations  of  Bunge  and  others  demonstrate  that  iron 

may  be  assimilated  and  built  up  into  haemoglobin  only  when  it  is 

I    absorbed  in  the  fonn  of  an  organic  compound.    Whether  it  is  neces- 

l  sary  that  it  should  be  received  into  the  alimentary  tract  in  the  organic 

y  form,  or  whether  it  may  Ik*  raised,  by  the  process  of  digt\stion,  from 

\the   inorganic  to  the  organic  combination   and   Ik»   al)sorl>e(l   and 

assimilated,  was  for  a  long  time  a  debated  rjuestion;  but  investigation 

Has  demonstrated  that  even  in  the  form  of  a  chloride  the  iron  is  raised 

to  a  peptonate  or  albuminate  in  the  alimentary  tract  and  absorlxnl. 
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Iron  is  an  essential  of  haemoglobin,  and  is  also  found  in  every  cdl 
of  the  organism,  but  in  the  living  protoplasm  no  known  chemical  test 
can  reveal  its  presence  because  the  metal  is  so  masked  or  covered  up 
by  another  substance  or  substances  that  no  deleterious  agent  ca«^ 
attack  it  during  the  normal  life  of  the  cell.    According  to  Gautier** 
the  system  needs  60  to  90  mgm.  of  iron  per  day.    It  is  absorbed  in  th 
duodenum  at  the  rate  of  about  1  centigram  per  day,  is  stored 
organic  iron  in  the  liver,  and  is  then  excreted  in  the  large  intestine  ^ 
60  mgm.  of  iron  per  day  in  the  feces  of  a  normal  adult  on  mixed  diet  ^ 
(Gautier.) 

In  ansemia  from  severe  hemorrhage  the  haemoglobin  is  quicklj?^ 
replenished  from  the  iron  in  the  liver,  not  from  the  iron  ingestecl 
there;  so  that  in  a  healthy  individual  the  blood  is  quickly  replenished^ 
and  in  a  weakened  one  recovery  is  necessarily  slow. 

There  is  a  normal  iron  equilibrium  in  the  body  which  is  regulated 
in  various  ways.  It  is  stored  in  the  liver,  especially  in  the  foetus  and 
the  newborn,  and  bone-marrow  of  the  adult  (and  also  in  the  uterine 
mucosa  and  mammary  gland  of  adolescent  animals  and  women). 
These  depots,  of  which  the  liver  is  the  most  important  one,  distributes 
the  metal  to  the  system  as  the  need  requires.  We  witness,  then,  a 
normal  transfer  or  circulation  of  iron.  A  fresh  supply  of  it  absorbed, 
stored  in  the  liver,  etc.,  in  a  form  as  yet  unknown,  is  then  given  off 
to  the  cells  of  the  blood  and  of  the  haemogenetic  tissues — e.  g.,  the 
spleen,  bone-marrow,  the  lymphatic  glands — to  form  hsemoglolnn, 
which,  when  it  has  served  its  purpose,  is  again  carried  to  the  liver 
and  spleen  by  the  scavenger  leukocytes  and  transferred  into  pigments 
for  different  purposes,  mainly  excretory.  During  prenatal  period  of 
human  life  iron  plays  a  very  important  role.  The  red  blood  corpuscles 
are  nucleated  and  contain  a  very  much  higher  percentage  of  iron  than 
in  the  adult.  Moreover,  the  liver  in  the  newborn  contains  five  to  ten 
times  more  iron  than  the  adult  organ.  This  surplus  of  iron  helps 
to  tide  the  newborn  over  the  first  days  of  change  from  nutrition  via 
the  maternal  blood  to  a  self-supporting  existence. 

The  exact  vital  role  of  iron  in  the  economy  is  said  to  be  similar  to 
that  of  Mn  in  the  ferment  lactase,  or  Ca  in  the  coagulating  ferment 
thrombase. 

After  iron  luus  served  its  purpose  it  may  be  excreted  by  the  kid- 
neys, by  the  epithelium  of  the  intestines;  even  a  small  part  is 
lost  with  the  cuticle,  hair,  nails,  etc. 

(i)  Arsenic  is  a  widely  distributed  constituent  of  every  soil,  neariy 
every  metallic  ore  and  mineral  waters,  even,  according  to  Gautier,  in 
minimal  (]uantity  constantly  present  in  our  kitchen  salt,  and  we 
no  longer  wonder  that  it  is  actually  an  ingredient  of  every  tissue 
of  the  human  organism.  The  thyroid  gland  and  the  thymus  body 
contain  the  largest  share  of  this  metal,  while  15  gm.  of  hair  contain 
Ti\  0  t^  T(f  (F  ^^  ^  mgm.  of  arsenic,  as  shown  by  the  Marsh  test.    ITiis 


B  METABOLISM  457 

■  ubiquity  of  arsenic  being  established,  we  can  easily  understand  why 
w  the  post-mortem  finding  of  arsenic  in  human  tissues  should  never 
r        inislead  experts  in  their  medicolegal  testimony. 

When  arsenic  is  ingested  it  is  absorbed  and  enters  the  liver,  where 
It  combines  to  form  stsible  compounds.    The  role  of  arsenic  in  the 
economy  is  similar  to   that  of  phosphorus,  and  it  is  perhaps  an 
ingredient  of  unstable  bodies  comparable  to  ferments. 

C7)  Ottier  MetalB  are  usually  assimilated  in  chemical  association 
^^th  organic  foodstuffs,  and  are  excreted  by  the  kidneys.  A  small 
^niount  of  sodium,  calcium,  etc.,  is  secreted  by  the  pancreas  and  the 
[iver,  and  is  poured  into  the  alimentary  canal.  A  part  of  these  metals 
^  reabsorbed  in  combination  as  soap;  all  that  is  not  reabsorbed  is 
^^st,  in  this  way,  to  the  organism. 

6.  THE  OntOULATION  OF  TYPICAL  COMPOUNDS.    \^ 

(a)  Water. — Our  remote  ancestry  had    undoubtedly   an   aquatic 

habitat.      It  has  been  said  that  ''man  is,  in  a  sense,  an  aquatic 

animal."    It  is  true  that  about  60  per  cent,  of  the  body  is  water, 

that  every  active  cell  of  the  body  is  bathed  in  liquid,  and  that  even 

the  surface  of  the  body  is,  during  health,  usually  covered  with  a 

film  of  moisture  in  the  form  of  "sensible"  or  "insensible"  perspiration. 

The  organism  can  live  many  days  without  solid  food,  but  deprivation 

of  water  for  a  very  few  days  suffices  to  cause  death. 

/     The  water  is  in  part  taken  with  the  food  and  in  part  taken  as 

/  drink.     Water  which  is  taken  as  such  undergoes  no  change  while 

I  in  the  system,  except  that  an  occasional  molecule  is  joined  by  Hy- 

\dratian  to  some  organic  molecule.    It  is  absorbed  by  the  intestinal 

epithelium,  even  when  it  is  taken  between  meals;  when  it  is  taken 

with  a  meal  it  is  likewise  passed  on  into  the  intestine  with  the  chyme, 

to  be  absorbed  by  the  intestinal  epithelium.    Water  is  the  general 

solvent  and  diluent  of  the  system.    It  makes  possible  the  absorption 

of  the  digested  foods  and  the  excretion  of  waste  products.     Of  all 

the  water  excreted  by  the  kidneys,  skin  and  lungs,  a  large  part  is 

water  which  enters  the  system  as  such;  another  part  is  the  product 

of  the  oxidation  of  the  hydrogen  of  the  tissues  in  katabolism,  while 

another   portion   has    been    released    from    complex   molecules  by 

dehydration. 

(6)  Sodium  Ohloride  is  taken  as  such  with  food.  It  is  in  solution 
in  all  the  fluids  of  the  body.  It  probably  assists  in  endosmosis.  It 
is  probably  the  source  of  the  chlorine  element  of  the  HCl  of  the 
gastric  juice.  (See  "Secretion  of  HCL")  Sodium  chloride  may  be 
formed  in  the  system.  It  may  l)e  formed  in  the  organism  by  a  combi- 
nation of  absorbed  hydrochloric  acid  with  the  carbonate  of  bicarbonate 
of  soilium,  as  suggested  under  **  chlorine,'*     It  is  excreted  by  the 
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kidneys  and  skin  and  is  secreted  by  lacrymal  glands  and  saliva^i-^- 
glands.    It  is  in  fact  a  constituent  of  every  secretion  and  excretion. 

(c)  Other  Gompoiinds  in  this  class  are  of  not  very  great  physic 
logic  importance. 


7.  THE  OHARAOTER  OF  THE  METABOLIO  0HANQE8. 

a.  Synthesis  and  Decomposition.  X  .^ 

Synthesis  is  applied  in  chemistry  to  the  construction  of  a  moleeufr 
from  simpler  components;  while  decomposition  is  the  reverse  process. 
The  combination  of  a  fatty  acid  with  glycerin  is  a  synthesis,  while 
the  breaking  up  of  a  fat  into  the  two  constituents  is  an  example  of  a 
decomposition. 

b.  Hydration  and  Dehydration.  \\^ 

These  terms  signify  the  addition  or  subtraction  of  molecules  of 
water;  it  is  only  a  specialized  sort  of  synthesis  or  decomposition. 
Hydrolytic  changes  are  especially  common  in  the  digestive  process. 
Recall  the  addition  of  a  molecule  of  water  to  the  molecule  of  starch 
followed  by  a  cleavage  (hydrolytic  cleavage)  of  the  hydrated  molecule 
into  dextrine,  and  a  second  molecule  of  water  to  maltose  to  make 
dextrose,  while  the  dehydration  of  the  same  molecule  of  dextrose 
takes  place  in  the  liver,  after  absorption,  reducing  the  dextrose  to  the 
amylose  radical  (CgHjoOg),  which  taken  n  times  is  synthesized  into 
a  glycogen  molecule  {C^^^O^)^. 

c.  Reduction  and  Oxidation.  >^  \. 

These  terms  need  no  explanation.  In  planta  the  reduction  pro- 
cesses predominate  and  the  liberated  oxygen  escapes  into  the  general 
atmosphere.  During  reduction  processes  energy  is  used  to  consum- 
mate the  change  and  energy  is  made  latent.  In  the  animal  kingdom 
oxidation  processes  predominate;  oxygen  is  taken  from  the  atmos- 
phere to  consummate  the  change  and  carbon  dioxide  is  returned  to 
the  atmosphere.    Oxidation  liberates  latent  energy. 

Summary:  **  The  chemical  processes  of  the  aninud  organism  wwy 
be  represented  as  a  series  of  syntheses  and  decompositions,  or  of  anabolic 
and  katabolic  changes,  by  virtue  of  which  the  highly  complex  and 
slightly  oxidized  constitiwnts  of  the  body  and  of  foodstuffs  are  decom- 
posed into  simple  and  highly  oxidized  compounds,  which  are  removed 
from  the  body  by  the  various  organs  of  excretion,"  The  difference 
between  the  potentiality  of  the  ingesta  and  the  egesta  represents  ike 
potential  energy  liberated  iji  the  organism  as  the  kinetic  energy  of 
life. 
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ANIMAL  METABOLISM. 

A.  THE  METABOLIC  OHANOES  OF  DIFFERENT  GLASSES  OF 

FOODSTUFFS. 

a.  Carbohydrates. 

Every  tissue  and  cell  in  the  human  body  participates  to  a  certain 
Extent  in  the  metabolism  of  carbohydrates.  But  phylogenetic  and 
Ontogenetic  studies  show  us  that  in  man  and  higher  animals  certain 
tissues  are  specially  entrusted  with  (i)  the  utilization  of  sugars;  (n) 
the  supervision  of  carbohydrate  metabolism  and,  in  fact,  the  hypo- 
blastic  derivatives  lead  in  this  activity,  while  the  muscles  play  only 
a  secondary  role.  The  control  and  direction,  however,  of  the  entire 
sugar  metabolism  in  the  body  is  exercised  by  the  central  nervous 
system.  Certain  portions  of  the  hypoblastic  layer  have  become 
specifically  differentiated  for  this  one  function.  Many  and  conclusive 
evidences  support  this  statement. 

Organs  and  tissues  recognized  as  manifest  participants  in  the 
metabolism  of  sugars:  (i)  The  liver;  (11)  the  pancreas;  (iii)  the 
muscular  system;  (iv)  other  active  tissues. 

1.  Absoiption  Form. — It  will  be  remembered  that  during  the 
process  of  digestion  the  carbohydrates  are  for  the  most  part  changed 
to  dextrose.  There  is  no  evidence  that  other  diffusible  or  even 
indiffusible  carbohydrates  may  not  be  absorbed — i.  e.,  pass  into  the 
epithelium  of  the  alimentary  tract;  all  the  carbohydrate  matter  found 
in  circulation  in  the  portal  system  is,  however,  a  monosaccharide.  It 
is  evident  then  that  if  cane-sugar  is  absorbed  by  the  epithelium,  it 
undergoes  hydrolytic  cleavage  in  the  epithelium ;  so  that  in  whatever 
form  the  carbohydrate  is  absorbed  it  is  changed  to  dextrose  or  to 
some  other  monosaccharide  by  the  epithelium  and  passed  into  the 
capillaries  of  the  fortal  system. 

2.  Oirculation  Form. — ^In  the  blood  all  sugars  nonnally  appear  as 
monosaccharides,  probably  dextrose.  The  blood  of  the  portal  vein 
may  have  as  much  as  0.3  per  cent.,  while  that  of  the  general  circu- 
lation has  usually  about  0.1  per  cent.  Furthermore,  the  above- 
mentioned  high  percentage  for  the  portal  circulation  may  be  observed 
only  after  a  meal  rich  in  carbohydrates,  while  the  amount  quoted  for 
the  general  circulation  is  more  or  less  constant.  The  blood  which 
enters  the  liver  may  have  0.3  per  cent,  dextrose ;  the  blood  which 
leaves  uniformly  has  0.1  per  cent,  dextrose.  With  these  facts  in 
view,  it  is  evident  that  the  liver  must  effect  a  profound  change  in 
the  carbohydrate  material  bn)ught  to  it  by  the  {K)rtal  system. 

3.  M6taA)olism  of  Carbohydrates,  (a)  As  Influenced  by  the 
Urer, — ^The  relation  of  the  liver  to  sugar  inetHl)oIisni  is  an  extremely 
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close  one  and  exemplified  by  a  number  of  well-established  actions: 
(a)  glycogenesis;  (ji)  glycolysis;  (;-)  glycopexy  or  storing  of  glycogen. 
The  blood  entering  the  liver  after  a  meal  brings  a  much  larger  amount 
of  carbohydrate  material  than  is  carried  away  by  the  hepatic  vein. 
That  this  excess  of  carbohydrates  must  be  stored  in  the  fiver  is  the 
necessary  conclusion ;  yet  if  a  freshly  excised  Uver  be  tested  for  dextrose 
that  substance  will  not  be  found  in  greater  quantity  than  may  be 
accounted  for  by  the  portal  blood  present.  A  special  treatment 
reveals  another  form  of  carbohydrate— glycogen. 

(a)    Glycogenesis. — Glycogen  (C^Hj^jOJn   was  discovered  and 
described  by  Claude  Bernard  in  1857.    Bernard's  theory  as  to  its 
relation  to  general  nutrition  is  substantially  the  one  which  is  accepted 
to-day.    Briefly  outlined  the  preparation  of  glycogen  is  as  follows: 
(i)  Kill  an  animal  after  a  heavy  carbohydrate  meal,     (ii)  Excise 
liver,  hash  same,  and  plunge  it  into  boiUng  water,  which  has  the 
double  function  of  extracting  glycogen  and  of  stopping  post-mortem 
change  of  glycogen  to  dextrose,    (iii)  Filter.    The  opalescent  filtrate 
contains  glycogen  or  ''animal  starch."    If  one  subject  this  ammal 
starch  to  the  iodine  test  a  wine  color  will  result.     The  microscope 
reveals  the  presence  of  glycogen  in  liver  cells,  deposited  in  the  sub- 
stance of  the  cytoplasm.    But  the  carbohydrates  do  not  represent  the 
sole  source  of  glycogen;  for  an  animal  deprived  of  both  carbohydrates 
and  fats  will  still  form  glycogen  in  the  liver  on  a  pure  protein  diet. 
Such  is  not  the  case,  however,  on  a  pure  fat  diet.     Whether  with  a 
mixed  diet  of  carbohydrates  and  proteins  a  part  of  the  proteins  are 
used  in  the  formation  of  glycogen  remains  yet  undetermined. 

The  formation  of  glycogen  is  common  to  all  cells,  especially  when 
stimulated  by  such  influences  as  the  embryonal  stage,  inflammation 
of  any  kind,  neoplastic  influence,  or  generative  processes  (Brault- 
Loeper),  but  it  is  a  particular  function  of  the  liver.  Chemical  and 
histochemical  proofs  of  the  presence  of  glycogen  in  all  protoplasma 
are  well  established.  Glycogenesis  in  the  liver  varies  within  narrow 
limits  while  its  biliary  function  ranges  l^etween  widely  separated,  yet 
withal  normal  limits,  because  the  former  is  a  secretory  activity  and 
the  latter  mainly  an  excretory  one. 

Glycogen  forms  in  the  f(x^tus  12  to  15  percent,  by  weight  of  liver 
and  3  to  4  per  cent,  by  weight  of  the  normal  adult  liver,  but  during 
digestion  it  may  reach  20  to  80  per  cent,  by  weight.  The  daily  output 
of  glycogen  is  about  ISOO  gm. 

(i'i)  Glycolysis. — In  plants  the  starch  formed  in  the  chlorophyll 
grains  of  the  leaves  must  Ix'  changed  to  a  soluble  form — dextrose, 
for  example — before  it  can  Ix^  carried  by  the  circulatory  system  of  the 
])lant  (fibro vascular  system)  to  distant  parts  of  the  organism  for 
(le])osit,  or  for  fui-ther  metabolism.  In  animals  the  glycogen  is  only 
temporarily  stored  in  the  liver.  It  is  to  be  used  in  the  general 
metalK)lic  tissues  of  the  l)ody — for  the  most  part  the  muscles.    It  can- 
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not  be  carried  to  the  muscles  in  the  insoluble  form  in  which  it  is  de- 
posited in  the  liver.  Tlie  liver  possesse3  an  amylolytic  ferment  which 
changes  the  animal  starch  to  dextrose.  In  this  soluble  and  diffusible 
form  it  enters  the  circulation,  is  carried  to  the  metabolic  tissues,  ab- 
sorbed or  "selected"  by  the  active  cells  of  these  tissues,  and  is  by 
them  metabolized.  Just  at  this  point  we  enter  a  controversial  field. 
All  are  agreed  that  within  the  muscle  cells  the  dextrose  is  subjected 
to  a  series  of  metabolic  changes  whose  ultimate  result  is  the  liberation 
of  energy.  Some  believe  that  before  the  foodstuff  can  yield  to  the 
animal  organism  its  potential  energy  it  must  be  built  up  by  the  cell 
into  living  cell  protoplasm.  Others  believe  that  the  energy  of  the 
foodstuffs  may  be  directly  liberated  without  the  necessity  of  a  long 
series  of  anabolic  changes  preceding  those  katabolic  changes  which 
must  finally  liberate  the  energy.  Here  are  certain  facts  which  deserve 
consideration  in  this  connection: 

(i)  If  dextrose  is  first  built  up  into  muscle  protoplasm,  all  katab- 
olism  of  the  nitrogenous  cell  protoplasm  should  result  in  the  liber- 
ation of  nitrogenous  compounds.  The  katabolism  incident  to  muscle 
contraction  should  yield  such  nitrogenous  katabolites  in  proportion 
to  the  muscular  energy  expended.  But  these  nitrogenous  katabolites 
are  further  changed  and  appear  in  the  excreta  as  urea,  CO,,  and  H,0. 
Hie  urea  then  should  be  a  measure  of  muscular  work;  but  urea  does 
not  essentially  vary  with  varying  muscular  activity.  The  hypothesis 
that  the  dextrose  is  anabolized  to  the  plane  of  cell  protoplasm  is  not 
in  harmony  with  the  facts  of  excretion  and  the  evidence  is  strong 
against  the  hypothesis,  (ii)  If  dextrose  may  be  direptly  katabolized, 
the  katabolites  (CO,  and  HjO)  should  vary  with  muscular  activity. 
But  excretion  of  CO,  and  H,0  varies  directly  with  muscular  activity. 
This  is  in  harmony  with  the  facts  of  excretion  and  is  strong  evidence 
in  its  favor. 

(6)  As  Influenced  by  the  Pancreas. — ^The  role  of  the  pan(*reas  in 
the  utilization  of  sugar  is  a  very  important  one.  Its  anatomic 
relations  with  the  liver  and  duodenum  on  the  one  hand,  and  with 
the  vascular  system  on  the  other,  support  this  role.  Besides  its 
promment  part  in  general  metaboHsn,  the  pancreas  secretes  a  ferment, 
which  enters  the  blood  by  way  of  the  lymphatics,  and  then  in  the 
tissues  (not  in  the  blood  itself)  acts  as  a  glycolytic  enzyme.  Recent 
investigations  have  proven  that  the  so-called  glands  of  I^angerhans 
are  detailed  to  secrete  this  enzyme.  They  are  (endocrinous)  compact, 
vascular,  interacinous  collections  of  lymphoid-like  cells,  particularly 
numerous  toward  the  splenic  end  of  the  organ.  They  were  discovered 
by  Langerhans  (1869),  lx\st  descril)ed  by  Renant  (1879)  and  their 
pathogenic  importance  set  forth  by  the  famous  exiHTiments  of 
Mering-Minkowski.  Basing  themselves  upon  the  observations  of 
Ijancereaux  and  I^iaguesst*,  these  two  scientists  establislicd  tlu*  noso- 
logic value  of  these  cell  groups  in  glycosuria,  and,  furtlu^nnoro,  tliev 
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give  a  powerful  impetus  to  the  clinical  and  experimental  study  of  the 
pancreas.  Without  going  into  the  details  we  will  summarize  here  the 
conclusions  from  the  respective  works  of  the  last  twelve  years: 

(i)  Diabetes  is  not  a  nosologic  unit;  it  may  be  due  to  lesions  outside 
of  the  pancreas,  as  shown  by  (piquere)  puncture,  disease  of  the  fourth 
ventricle,  phloridzin  diabetes,  acromegaly,  etc. 

This  in  spite  of  the  fact  that  in  some  species  of  animals  total 
extirpation  of  the  pancreas  produces  genuine  diabetes. 

(ii)  We  have  enough  anatomic  and  clinical  facts  to  prove  that 
diseases  of  the  pancreas  may  be  considered  as  an  important  cause 
of  glycosuria.  This  holds  true  in  man  and  in  the  other  animals. 
There  are  some  cases  of  true  diabetes  in  which  no  macroscopic  or 
microscopic  lesions  of  the  organ  can  be  found,  although  in  the  great 
majority  of  cases  the  islands  of  I^angerhans  present  scleroticoatrophic 
lesions.  On  the  other  hand,  total  destruction  of  the  pancreas,  in  man, 
through  disease,  is  sometimes  unaccompanied  by  glycosuria,  and  it 
is  just  here  where  the  harmony  between  clinical  and  anatomic 
evidences  is  lacking. 

A  priori  one  would   conclude  that  to  an  organ   which,  like  the 
pancreas,  acts  vicariously  for  the  stomach  (proteolysis),  for  the  liver 
(amylopsis),  and  for  the  intestines  (lipolysis),  could  not  logically  be 
attributed   an   autonomous  action   in  sugar  metabolism.     To  the 
thinking  observer  it  must  appear  that:     (i)  The  metabolic  synergy 
of  the  organs  and  tissues — salivary  glands,  hypophysis  cerebri,  liver, 
pancreas,  glands  of  I>iel)erkuhn  (lupine) — ^is  manifested  in  diseases 
as  well  as  in  health.    These  different  tissues  act  in  harmony  with  the 
nervous  system  to  keep  the  remarkable  sugar  equilibrium  of  the 
blood  (0.1  to  0.27).    A  vicarious  action  of  the  one  will  more  or  less 
fully  compensate  for  the  diminution  in  function  of  the  other,    (n)  It 
would  be  poor  husbandry  if  nature  were  to  assign  so  vital  a  function 
as  sugar  metal)olism  to  a  single  small  organ. 

(c)    As    Influenced    by    the    Neryons    System. — ^The  guiding  and 
directory  action  of  the  nervous  system  upon  sugar  utilization,  foreseen 
by  Bocrhaave,  was  for  the  first  time  proven  by  the  experiments  of 
Claud-Bernard  over  fifty  years  ago.     Other  scientists  of  his  school 
put  the  nervous  factor  upon  a  still  more  firm  basis  (Seegen,  Frerichs, 
Kussmaul).    As  a  result  we  know  to-day  that  the  role  of  the  nervous 
system  u])on  sugar  metabolism  is  about  this:    There  exists  in  the 
medulla  oblongata  a  centre  which,  upon  impulses  received  by  way 
of  the  trophic  nerves  and  other  imknown  roads,  influences  the  various 
organs  connected  with  the  husbanding  of  carbohydrates  in  the  system, 
and   prompts  them  to  the  performance  of  their  allotted    function. 
Clinical  observers  have  furnished  us  the   greater   number   of  facts 
regarding  this  influence.    The  role  of  the  nervous  system  upon  the 
onset,  course,  and  luiture  of  glycosuria  is  so  generally  appreciated  that 
it  is  needless  to  enter  into  the  details. 


METABOLISM  463 

4.  Relation  of  Non-DitrogODOus  Metabolism  to  Muscular  Work. 
— The  experiments  of  Voit  and  PettenhoflFer  (see  pp.  468  and  470) 
with  men  and  animals  in  respiratory  chambers  demonstrate  that  the 
energy  of  muscular  work,  under  normal  conditions,  comes  mainly ,  if 
not  exclusively f  from  the  oxidation  of  non-nitrogenous  material. 

5.  The  More  Permanent  Deposit  of  Carbohydrates.— That  this 

occurs  not  in  the  form  of  carbohydrates,  but  in  the  metabolized  form 
of  fat  has  been  demonstrated.  A  part  of  the  carbohydrate  foodstuff 
in  circulation  as  dextrose  is  absorbed  by  living  connective-tissue  cells 
and  transformed  into  fat  which  is  deposited  in  the  cells  and  held  as 
a  reserve  of  potential  energy,  to  be  called  out  when  more  easily 
metabolized  glycogen  and  dextrose  are  insufficient  for  the  needs  of 
the  system.  What  is  the  character  of  the  change  the  dextrose  mole- 
cules must  undergo  to  make  palmitin  ?  We  know  that  palmitic  acid 
is  readily  synthesized  with  glycerin  to  form  tripalmitin.  The 
storage  of  fat  must  involve  the  following  general  changes: 

1.  3  X  palmitic  acid  =  3(CH,(CH,),4C()OH)  =  3(C,eH„0,)  =  C^^H^Oe. 

2.  8  X  dextrose  =  8(CeH„0e)  =  C^sHwO^^. 

3.  8  dextrose  -f  glycerol  =  tripalmitin  +  SH^O  -|-  42(). 

The  formation  of  fat  from  dextrose  must  be  attended  by  the  liberation 
of  oxygen.  This  is  an  anabolic  process  to  consummate  which  requires 
energy  amounting  to  about  5500  calories  per  gram  fat.  That  it 
takes  place  in  one  reaction  as  written  above  is  not  probable.  That 
it  is  eventually  a  combination  of  dextrose  and  glycerol  is  an  undemon- 
strated  hypothesis.  That  the  process,  whatever  it  may  be,  is  an 
anabolic  one  attended  unih  the  liberation  of  oxygen  and  the  making 
latent  of  energy  is  beyond  question. 

6.  Excretion  of  Carbohydrate  Katabolites.— The  katalx>lism  of 

carbohydrates  yields  CO,  and  HjO.  These  waste  materials  are 
excreted  by  the  lungs,  skin,  and  kidneys,  unchanged  or  recombined, 
but  for  the  most  part  unchanged. 

6.  Proteins. 

1.  Absorption  Form. — Most  proteins  enter  the  epithelium  from 
the  alimentary  canal  as  peptones  and  proteoses.  A  small  portion 
may  enter  as  acid  albumin  or  alkali  albumin  or  even  as  native  protein. 
Within  the  epithelium  these  proteins  undergo  a  change.  Evidence 
of  this  is  cited  in  the  facts  that  neither  peptone  nor  proteose  is  found 
in  either  blood  or  lymph;  and  tliat  when  either  of  these  substanci»s 
is  injected  into  the  circulatory  system  it  is  promptly  excreted  as  such. 
The  living  cells  of  the  intestinal  epithelium  must  be  able  therefore  to 
transform  the  proteins  absorbed  into  the  normal  proteins  of  the 
circulation.  This  consists  in  a  recombination  of  simple  nitrogenous 
molecules  into  more  complex  ones  with  libeiation  of  water. 
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2.  Circulation  Form. — ^The  blood  contains  plasma  proteins- 
serum  albumin  and  serum  globulin — and  corpuscle  proteins.  There 
can  be  no  doubt  that  the  absorbed  protein  foodstuff  enters  the  plasma, 
increasing  its  quantity  of  one  or  both  proteins.  There  is  no  store- 
house for  reserve  proteins  except  so  far  as  the  circulation  itself  sencs 
such  a  purpose.  The  absorbed  protein,  transformed  through  the 
metabolic  activity  of  the  cells  of  the  intestinal  epithelium  into  senim 
albumin  and  serum  globulin,  is  received  by  the  portal  system  and 
thence  distributed  to  the  system  as  constituents  of  blood  plasma, 
lymph  plasma,  and  tissue  plasma.  Every  living  cell  of  the  system 
may  select  from  the  plasma  which  bathes  it  such  variety  and  quantity 
of  the  plasma  proteins  as  are  necessary  in  carrying  on  the  cell 
activities. 

3.  Metabolism  of  Proteins. — As  in  the  case  of  carbohydrates, 
so  here,  the  question  as  to  whether  or  not  all  katabolism  of  proteins 
proceeds  from  living  cell  protoplasm  is  a  controversial  one.  Many 
of  the  cycologists  would  answer  the  question  affirmatively.  There 
are  strong  indications  amounting  almost  to  a  demonstration,  that 
only  a  part  of  the  protein  is  anabolized  to  the  plane  of  living  cell 
protoplasm  while  a  part  is  directly  katabolized.  Among  the  con- 
siderations favoring  the  second  position  one  may  mention :  (i)  The 
correspondence  of  protein  katabolism  rather  to  the  variation  of 
protein  consumption  than  to  special  cell  activity.  This  is  especially 
marked  in  the  case  of  the  muscle  metabolism  and  will  be  treated 
later.  (ii)  Albuminoids — e.g.,  gelatin — cannot  be  built  up  into 
tissue,  though  they  may  be  used  as  energy-producing  nitrogenous 
foods. 

Tlie  preponderance  of  evidence  in  favor  of  the  view  that  not  all 
proteins  are  first  raised  to  the  plane  of  living  protoplasm  before 
being  katabolized  leads  to  the  division  of  the  protein  supply  into 
two  parts:    (i)  iisstie-producing  proteins,  and  (ii)  energy-producing 
proteins.    This  division  corresponds  roughly  to  Voit's  classification 
into  "organ  protein  and  circulating  protein."     It  is  now  believed 
that  all  metabolic  changes  are  either  iiitracellular  or  are  produced  tj 
enzymes,  so  that  Voit*s  terms  seem  less  appropriate  than  the  terms 
suggested  above.     The  tissue  protein  is  that  portion  of  the  nitrog- 
enous foodstuff  which  is  built  up  by  the  cells  into  living  protoplasm. 
The   energy-producing   protein   is   that   portion    which   is   directly 
katalx)liz(Ml  within  the  cell  under  the  influence  of  the  living  protoplasm, 
and  serves  the  sole  purpose  of  producing  energy.     It  must  not  l)e 
forgotten  that  the  tissue  protein  in  its  final  katabolism  incident  to 
the  sjH^cial  activity  of  the  cell  yiehls  energy  also.     \Miether  one 
follows  the  changt*  of  tissue  proteins  or  of  energy-producing  proteins 
he  eventually  considers  the  decomposition — direct  or  indirect — of  a 
nitrogenous  foodstuff  from  the  protein  level  to  the  urea  level.     In 
gi*neral  proteins  represent  about  5750  calories  per  gram  of  protein, 
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while  the  unavailable  energy  of  a  grara  of  protein  represents  1650 
calories;  the  net  energy  represented  by  one  gram  of  protein  being 
about  4100  calories. 

Hofmeister's  formula  for  albumin  will  give  us  some  idea  of  the 
complexity  of  a  typical  protein:  Cj^^Hj^jNgjO^^Sj.  The  nucleo- 
proteids  differ  in  their  general  constitution  by  the  presence  of  phos- 
phorus, while  the  chromoproteids  contain  iron.  Much  remains  yet 
:o  be  determined  regarding  the  specific  changes  which  protein 
undergoes  in  its  decomposition.  This  much  is  known:  (i)  Some  of 
the  protein  is  reduced  to  CO,,  HjO,  NH,,  SO,,  etc.,  and  these  in  part 
recombine,  forming  urea  in  which  NH,  is  combined  with  C,  O,  and 
H,  or  forming  sulphates  in  which  SO,  is  combined  with  metals  or 
with  indol,  skatol,  etc.  (ii)  Some  of  the  protein  is  changed  more 
directly  to  urea  and  uric  acid — glycocoU,  leucin,  kreatin,  sarcolactic 
acid,  ammonium  lactate,  succinic  acid,  amido-acids,  arginin,  cystin, 
and  cystein  being  midproducts  of  the  katabolism. 

The  observations  of  Gaglio,  Frey,  Marfori,  Minkowski  and  others* 
make  it  certain :  (i)  that  sarcolactic  acid  is  formed  in  various  metab- 
olic tissues;  (n)  that  it  circulates  in  the  form  of  the  acid  or  ammonium 
lactate  in  the  blood;  and  (in)  that  it  is  changed  in  the  liver  to  uric 
acid  and  certain  by-products. 

TTiere  is  no  positive  proof  that  kreatin  is  a  forerunner  of  sarcolactic 
acid.  The  probabilities  are  favorable  to  such  a  relation.  The  course 
of  katabolism  may  be  assumed  to  be  something  as  follows : 

(1)  Kreatin  +  30  ==  CO,  +  urea  +  glycocoll. 

(2)  2  Glycocoll    =    urea    +    sarcolactic  acid  (CH,— CHOH— 

COOH). 

(3)  Sarcolactic  acid  +  NH,  =  ammonium  lactate. 

(4)  2  Ammonium  lactate  +   120  +   NH,  =   2CO,  +  2HjO  + 

ammonium  carbonate.     [O :  C :  (ONH  J  J. 

(5)  Ammonium  carbonate — HjO  =  ammonium  carbamate. 

(6)  Ammonium  carbamate — H,0  =  urea. 

Here  is  another  possibility:  Kreatin  may  be  subjected  to  a  hydro- 
lydc  cleavage  into  ammonium  lactate  and  carbonate : 

(1)  Kreatin  +  4H,0  =  ammonium  lactate  +  ammonium  carbo- 

nate. 

(2)  Ammonium  carbonate — 2H2O  =  urea. 

(3)  Ammonium  lactate  +  amido-acids  =  uric  acid  +  CO,  +  H/). 
Note  (1)  that  the  series  of   changes    suggested    here    represents 

a  step  by  step  process  by  which  a  complex  Ixxly  is  rtnluced  to  a  series 
of  simple  bodies;  (2)  that  the  processes  are,  with  one  exception  (3), 
oxidations,  dehydrations  and  decompositions. 

As  is  already  indicated  al)ove,  the  kreatin  of  the  l)ody  has  two 
sources.        A  part  comes  from  the  ingested  lean  meat  and  is  de- 

1  Qnoted  by  Schafer,  Text-book  of  PhyMology,  vol.  i.  p.  iKK). 

30 
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hydrated  in  the  liver,  forming  kreatinin;  a  part  is  formed  in  the 
muscles  and  is  probably  changed  at  once  to  urea,  CO,  and  glycocoD, 
or  to  sarcolactic  acid,  urea,  and  CO2. 

As  with  kreatin  so  with  leucin,  there  are  two  sources  in  the  system 
of  an  omnivorous  or  a  carnivorous  animal :  (i)  From  the  alimentary 
tract  where  leucin  is  a  product  of  trypsin  decomposition  of  peptone. 
A  part  of  the  leucin  so  formed  is  absorbed  and  carried  to  the  liver 
in  the  portal  circulation.  (11)  But  aside  from  this  source  leucin  is 
one  of  the  midproducts  of  normal  protein  katabolism  and  is  found 
in  small  amounts  in  all  liquids  of  the  body.  In  due  time  it  makes 
its  journey  to  the  liver  with  the  general  circulation,  and  in  that  organ 
is  further  katabolized  to  its  simpler  elements,  and  is  excreted  as 
urea,  COj,  and  H/).  • 

That  the  liver  is  the  seat  of  this  change  is  practically  demonstrated 
by  the  observation  that  when  the  liver  becomes  extensively  diseased 
leucin  accumulates  in  the  blood  to  a  more  than  normal  degree  and 
is  finally  excreted  unchanged  by  the  kidneys. 

Glycocoll,  or  glycin,  may  be  considered  a  normal  midproduct  of 
protein  katalx)lism,  and  if  a  dog  be  fed  benzoic  acid  he  will  excrete, 
via  the  kidneys,  hippuric  acid,  wiiich  is  a  combination  of  the  benzoic 
acid  and  glycocoll.  This  indicates  that  the  glycocoll  must  have 
been  furnished  by  the  system.  That  it  was  furnished  for  this  par- 
ticular purpose  is  not  probable.  Without  much  chance  of  error  we 
may  assume  that  the  glycocoll  used  by  the  dog's  liver  in  the  above- 
mentioned  case  was  present  as  a  normal  constituent  of  the  blood,  and 
that  had  not  the  benzoic  acid  from  the  portal  circulation  been  brought 
into  relation  with  the  glycocoll  it  would  have  been  katabolized  in  tht 
liver  to  the  urea  plane,  either  directly  or  indirectly.  This  is  con- 
firmed by  the  observation  that  when  the  glycocoll  is  fed  to  a  dog 
it  appears  in  the  urine  as  urea — having  been  changed  in  the  liver. 

Urea  is  formed  in  all  the  metabolic  tissues — ^muscles,  glands,  and 
nervous  tissues — but  by  far  the  greater  part  is  formed  in  the  liver. 
Some  urea  results  from  cleavages  and  some  is  built  up  from  CO,, 
H,0,  and  NH3. 

We  may  thus  summarize:  (a)  As  to  the  pi  ace  where  the  protein 
metalx)lism  takes  place:  (i)  The  eirly  steps  in  protein  katabolism 
take  place  in  tlie  various  metabolic  tissues,  principally  the  muscles, 
though  the  alimentary  tract  is  the  scene  of  certain  preliminary 
changes  and  some  changes  may  be  wrought  in  the  blood  itself.  (li) 
The  final  steps  of  protein  katabolism  take  place  in  the  liver. 

(ii)  As  to  tlie  general  (  haka(  tfr  of  the  changes:  (i)  The  complex 
protein  molecule  is  split  up  (katabolized)  from  the  plane  of  living 
protoplasm  either  under  the  influence  of  living  protoplasm  or  of 
some  of  its  enzymes.  (11)  The  products  of  the  katabolism  are: 
kreatin,  leucin,  glycocoll  and  other  amido-acids,  sarcolactic  add, 
ammonium  lactate,  succinic  acid,  arginin,  cystin,  cystein,  and  other 
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substances  are  all  called  midproducts  of  protein  katabolism.  (in) 
These  midproducts  are  further  split  up  or  synthesized  in  the  liver 
U)  produce  urea,  uric  acid,  sulphates,  phosphates,  etc. 

4.  The  Nutritive  Value  of  Proteins. — Preliminary  to  a  discussion 
of  this  topic  it  will  be  necessary  to  define  two  expressions  which  have 
much  significance  in  physiology. 

(a)  Nitrogen  Equilibriom  is  an  expression  signifying  the  balance 

of  nitrogen  income  and  outgo.     It  means  that  the  nitrogen  which 

Ae  body  loses  in  the  excreta — principally  in  the  urea  in  man — is  just 

^vered  by  the  nitrogen  received  in  the  protein  foods.    If  the  excreted 

nitrogen  is  in  excess  of  the  ingested  nitrogen  it  must  be  evident  that 

the  excess  must  have  come  from  the  nitrogen  supply  of  the  system. 

for  a  very  short  time  this  excess  might  be  furnished  by  katabolism 

of  energy-producing  proteins.     But  at  longest  a  few  days  would 

suffice  to  expend  all  the  available  reserve  of  protein  in  blood,  lymph 

plasma,  and  tissue  plasma;  and  the  excess  would  then  be  drawn  from 

the  living  active  cells  of  muscles,  glands,  and  nervous  system.    The 

organism  gives  up  this  life  balance  very  reluctantly  and  under  such 

circumstances  the  protein  excretion  is  reduced  to  a  minimum.    On 

the  other  hand,  when  the  ingested  nitrogen  is  in  excess  of  the  excreted 

nitrogen  the  balance  is  in  favor  of  the  organism.     It  might  at  first 

be  expected  that  the  system  would  guard  this  credit  very  carefully • 

and  store  it  away  in  increased  volume  of  living  tissue — e.  gr.,  increased 

muscle  tissue,  increased  gland  tissue,  and  increased  nerve  tissue. 

Under  two  conditions  and  under  definite  limitations  this  may  be  true. 

First,  the  growing  animal  utilizes  a  part  of  the  nitrogenous  balance 

to  build  up  new  tissues.     Second,  after  a  period  of  starvation — 

negative  nitrogen  balance — the  emaciated  living  tissues  will  utilize 

a  large  part  of  the  positive  nitrogen  balance,  when  the  tide  turns,  to 

build  up  and  reconstruct  the  wasted  tissues.    In  both  of  these  cases, 

however,  when  the  normal  growth  or  condition  is  reacJied  an  excess 

is  not  utilized  to  build  up  more  muscle  or  more  brain,  but  the  system 

uses  it  day  by  day  in  increased  protein  metabolism,  thus  balancing 

increased  income  by  increased  excretion.     The  normul  animal  with 

a  sufficient  diet  maintains  a  nitrogen  equilibrium, 

(6)  Oarbon  Equilibrium  signifies  a  balance  of  income  and  outgo 
of  carbon  in  food  and  excretions.  Excess  of  carbon  against  the 
organism  is  an  index  of  a  draft  on  carl)onaceous  tissue.  All  tissues 
are  carbonaceous,  but  not  all  tissues  are  necessarily  drawn  upon 
to  furnish  the  carl)on  for  increjused  katabolism.  The  carbon  reserve 
in  the  deposited  fats  usually  furnishes  the  balance.  On  the  other 
hand  a  carbon  balance  in  favor  of  the  system  is  usually  deposited  as 
fat.  A  negative  nitrogen  balance  may  exist  at  the  same  time  that 
there  is  a  positive  carbon  balance.  Under  such  circumstances  the 
animal  might  increase  in  weight  at  the  same  time  that  its  muscle 
tissues  are  wasting  through  lack  of  sufficient  protein.     A  positive 
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nitrogen  balance  and  a  negative  carbon  balance  may  exist  together 
and  yet  the  animal  may  increase  in  weight. 

(c)  The  Nutritive  Value  of  Proteins. — In  order  to  determine  the 
relation  of   proteins   to    the   general    nutrition    physiologists  have 
found  it  necessary  to  institute  two  experiments:    first,  deprive  the 
animal  of  the  foodstuff  in  question;  second,  furnish  the  animal  with 
no  other  than  the  one  under  consideration,  meantime  watching  the 
progress  of  metabolism.    This  method,  though  open  to  the  objection 
that  so  radical  a  change  may  not  leave  the  animal  in  a  really  nonnal 
condition,  has  yielded  some  very  important  results.    Pettenkoffer  and 
Voit  kept  a  30-kilogram  dog  in  nitrogen  and  carbon  equilibrium  on 
1500  grams  of  lean  meat  per  day.     By  increasing  the  amount  to 
2500  grams  per  day  the  animal  maintained   nitrogen  equilibrium 
and  laid  on  fat.     Pfliiger  kept  a  dog  in  weight  equilibrium  for  a 
period  of  eight  months  on  a  lean-meat  diet.   That  the  wei^t  remained 
the  same  for  so  long  a  period  is  suflBcient  proof  that  the  nitrogen 
equilibrium  and  the  carbon  equilibrium  were  both  maintained.  These 
experiments  demonstrate  that  the  carnivorous  animal  may  get  all 
of  its  required  tissue  material  and  energy-producing  material  from 
a  pure  protein  diet.    Just  how  far  this  could  be  shown  to  hold  for 
omnivorous  or  herbivorous  animals  has  not  been  determined.  There 
is  no  reason  to  doubt  that  if  the  protein  could  be  presented  in  a 
palatable  form  the  results  would  be  practically  the  same  in  these 
animals  as  in  the  camivora.     One  may  safely  assume,  then,  that 
ingested  protein  may  be  used  by  the  system :    (i)  in  a  series  of  kat- 
abolic  processes  which  liberate  immediately  the  energy  for  the  life 
processes;  (ii)  as  the  nitrogenous  factor  in  the  building  up  of  proto- 
plasm; (hi)  as  the  carbon  and  hydrogen  factors  in  the  fognation  of 
fat.    The  term  protein  as  here  used  is  intended  to  include  all  nitrog- 
enous foods. 

One  class  of  proteins — the  albuminoids — does  not  conform  com- 
pletely to  the  statement  just  made  for  proteins  in  general.  The 
albuminoids,  of  which  gelatin  is  an  example,  cannot  be  built  up 
into  living  cell  protoplasm.  Experiment  shows  that  an  animal 
will  die  alK)ut  as  quickly  when  kept  on  a  carbohydrate,  fat,  and 
gelatin  diet  as  when  kept  on  a  carbohydrate  and  fat  diet.  The 
gelatin  can  be  immediately  oxidized  and  may  be  substituted  for  a 
part  of  carbohydrate  or  fat,  but  it  cannot  be  built  up  into  linng 
protoplasm.  In  other  words,  the  albuminoids  seem  to  be  able  to 
play  the  role  of  energy-producing  proteins,  but  not  of  tissue-forming 
proteins.  The  relation  of  the  albuminoids  to  nutrition  seems  to  be 
in  harmony  with  the  hypothesis  that  only  a  part  of  the  nitrogenous 
food  is  actually  hnilt  up  into  living  protoplasm,  while  the  rest  is 
kataholized  from  the  protein  level,  direct.  This  is,  in  fact,  one  of 
the  strongest  confirmatory  considerations  and  amounts  almost  to  a 
demonstration  of  the  tenability  of  the  hypothesis.     In  summing  up 
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ae  may  say  that  the  proteins  furnish  the  material  necessary  (i)  for 
le  rthuilding  of  cell  protoplasm;  (ii)  for  direct  nitrogenous  kaiabolism; 
[ii)  for  deposit  as  reserve  fat. 

5.  The  Laws  of  Nitrogen  Equilibrium. — When  an  animal  receives 

scanty  supply  of  protein  in  a  mixed  diet  the  organism  economizes 
s  tissue  protein  as  well  as  its  energy-forming  protein  by  using 
strbohydrates  and  fats  for  energy  production,  even  if  need  be  drawing 
pon  the  reserve  fat  of  the  system  for  this  purpose.  There  is  a  certain 
linimum  beyond  which  the  protein  cannot  be  reduced  without 
isturbing  nitrogen  equilibrium,  for  there  is  always  some  kataboHsm 
f  living  protoplasm,  and  if  the  organism  is  not  receiving  protein 
ifficient  in  quantity  and  proper  in  quality  to  replace  this  waste 
lere  will  be  more  nitrogen  egested  than  ingested. 

When  an  animal  receives  an  abundant  supply  of  protein  in  a 
lixed  diet  the  organism  seems  to  katabolize  the  usual  amount  of 
ssue  protein  and  to  draw  freely  upon  the  energy-producing  protein 
»r  the  production  of  energy.  If  the  quantity  of  carbohydrates  and 
it  is  suflficient  to  admit  of  it,  a  portion  of  the  food  supply  is  stored 
5  fat.  Whether  this  stored  fat  comes  from  ingested  fat,  from  carbohy- 
rates,  or  from  proteins  is  a  matter  still  in  controversy.  In  either  case 
le  protein  is  so  far  katabolized  as  to  release  the  nitrogen,  which 
amediately  finds  its  way  to  the  egesta  as  urea  or  related  nitrogenous 
ccreta.  From  this  it  appt»ars  that  with  small  nitrogenous  ingestion 
lere  is  small  nitrogenous  egestion,  while  with  abundant  nitrogenous 
igestion  there  is  correspondingly  increased  nitrogenous  egestion.  In 
?neral,  then: 

I^w  I.  The  kaiabolism  of  proteins  varies  with  the  supply  of 
roteins,  iiitrogenous  equilibrium  being  maintained  within  compara- 
vely  wide  limits  of  supply. 

Law  II.  The  kaiabolism  of  protein  is  nearly  independent  of 
uscular  vx/rk. 

(a)  Liebig's  Theory. — I^iebig  believed :  (i)  that  all  assimilated 
rotein  is  built  up  into  living  pi*otoplasmic  tissues;  (ii)  that  every 
lanifestation  of  Hfe — muscular  contractions,  secretion,  thought — 

the  result  of  a  breaking  down  of  living  tissues;  (in)  that  this  kat- 
X)lism  of  protoplasm  releases  nitrogen  or  nitrogen  compounds,  which 
id  their  way  more  or  less  directly  to  the  excreta;  and  (iv)  that  the 
iantityof  nitrogen  in  the  excreta  is  a  measure  of  the  katabolic  activity, 
his  theorv  is  so  reasonable  that  it  stood  unassailed  for  a  consider- 
)le  period.  If  it  is  in  harmony  with  the  facts  of  nutrition  one  would 
:pect  a  marked  variation  of  the  cjuantity  of  nitrogen  elimination 
Uowing  muscular  work. 

(fi)  Experiments  of  Fkk  and  Wisijcems. — These  two  young 
en,  who  later  attained  worhl-wide  renown  and  recognition  as 
lysiologist  and  chemist,  resjKTtiv(»ly,  put  Liebig's  theory  to  a  practi- 
1  test.    After  using  a  non-nitrogenous  diet  for  a  jK*riod  of  seventeen 
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hours,  they  began  the  ascent  of  the  Faulhom,  whose  summit  they 
reached  after  eight  hours  of  the  most  fatiguing  muscular  exertion, 
having  lifted  their  bodies  through  a  vertical  distance  of  1956  metres. 
Fick  weighed  66  kilograms,  he  had  performed  129,096  kilogram-metres 
of  work  in  climbing,  meantime  the  heart  and  respiratory  muscles  had 
performed  work  which  was  estimated  to  amount  to  about  30,000 
kilogram-metres,  making  a  total  of  160,000  kilogram-metres  of  energj- 
of  muscular  contraction.  During  the  climb  and  six  hours  subsequent 
to  it  the  non-nitrogenous  diet  was  continued.  Dimng  the  whole 
observation  period  of  thirty-one  hours  the  renal  excretion  was  peri- 
odically taken  and  kept  for  analysis.  If  Liebig's  theory  were  tenable, 
then  the  nitrogen  excretion  during  and  subsequent  to  the  climb 
should  have  been  much  increased  because  muscle  katabolism  was 
much  increased.  But  analysis  showed  iw  essential  increase  oj  the 
nitrogen  elimination. 

The  result  of  this  experiment  was  generally  accepted  as  con- 
clusive that  the  I^ebig  theory  is  untenable.  Voit  and  Pettenhoifer 
subjected  a  dog  to  alternating  days  of  rest  and  hard  work  in  a  tread- 
mill. The  chemical  analysis  of  the  excreta  showed  that  the  nitrogen 
metabolism  is  practically  the  same  on  work  days  as  on  rest  days. 
The  experimenters  then  made  a  similar  test  upon  a  man,  who  alter- 
nated rest  with  work  in  a  respiratory  chamber.  It  was  found  that 
nitrogen  excretion,  and,  therefore,  protein  katabolism,  is  pradicallji 
independent  of  muscular  work. 

Care  has  been  taken  not  to  leave   the    impression    that   protein 
metabolism  is  independent  of  katabolism  in  muscle     tissue;    kat- 
abolism in  muscle  tissue  progresses  while  the  muscles  are  at  perfect 
rest — i,  c.,  while  no  contractions  are  occurring.    '^Fhis  rest  kataboHsui 
of   muscle  tissue  liberates  heat  energy.     This  process  involves  the 
activity  of  living  muscle   protoplasm,   and   there    is  no  reason  to 
doubt  that  incident  to  tliis  heat  production  and  incident  to  contrac- 
tion a  certain  amount  of  living   protoplasm    is    katabolized,   and 
this  certain  amount  seems  to  l>e  practically  the  same  whether  the 
muscle  protoplasm  expresses  its  energy  in   the  form  of   mechanical 
work  or  in  the  form  of  lieat.    In  either  case  the  muscle  cells  seem  to 
Ix*  able  to  utilize  absorlxHl    dextrose    and    the    energy    producing 
proteins  in  this  energy   liberation.     Whether  the  liberated  energy  is 
in  the  form  of  heat  energy  or  of   mechanical   energy,   the    carbo- 
hydrates can  be  used  as  well  as  the  circulating  protein,  so  that  with 
sufficient  and  uniform  food  there  will  be  nearly  a  uniform  nitrogen 
excretion,  any   variations   being  independent  of    the   variations  of 
mechanical  energy  lil)erated. 

c.  Fats. 

1 .  Absorption  Form. — Fats  are  absorbed  in  the  form  in  which 
the  digestive   j)rocesses  leave   them — named  in  the  order  of  their 
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f  quantities:  (i)  fatty  acids  and  glycerol,  (ii)  soaps,  and 
3ulsions  (?). 

irculatioil  Form. — One  would  seek  in  vain  for  either  fatty 
ycerol,  or  soap  in  the  portal  system  as  well  as  in  the  lacteals. 
'  acid  be  fed  to  a  dog  it  will  appear  in  the  lacteals  as  fat  in 
m.  To  absorbed  fatty  acid  glycerol  w  joined  to  make  a  fat 
inters  the  lacteals  in  minute  subdivision — an  emulsion.  There 
to  be  no  doubt  that  a  part,  perhaps  a  large  part  of  the  fat  is 
id  in  the  form  of  soaps — sodium  palmitate,  sodium  stearate, 
ium  lactate.  This  absorbed  soap  is  decomposed  into  its 
jnds  in  the  epithelium  of  the  villi.  The  fatty  acid  is  joined 
erol  to  make  a  neutral  fat,  which  appears  in  the  form  of 

globules  in  the  epithelium.  The  sodium  is  joined  to  water 
rbon  dioxide  and  may  pass  into  the  circulation  or  it  may  be 
1  again  to  bring  in  another  fatty  acid  molecule.  It  is  claimed 
e  that  emulsions  may  be  absorbed  as  such, 
tever  the  condition  in  which  fat  is  absorbed  it  passes  into  the 
i  in  the  form  of  an  emulsion,  which  is  emptied  by  the  thoracic 
to  the  general  circulation. 

etabolism  of  Fats. — ^The  fat  of  each  species  of  animal  possesses 
3ular  proportion  of  the  three  components:  Palmitin,  Stearin, 
ein.  If  a  dog  be  fed  on  lean  meat  plus  palmitin  plus  olein 
cient  quantities  he  will  lay  on  fat;  analysis  of  this  fat  will 
hat  it  is  a  typical  dog-fat  having  the  usual  proportion  of 
From  such  an  experiment  one  must  conclude  that  the 
s  the  power  to  change  either  palmitin  or  olein  into  stearin, 

he  has  the  power  to  form  stearin  from  protein.  As  al)ove 
lie  dog  may  lay  on  typical  fat  on  a  pure  protein  diet.  It  is 
rtain  that  the  stearin  may  have  l)een  formed  from  the  protein 
t  from  other  fats,  and  if  the  stearin  why  not  the  others,  also? 
e  anything  to  prove  that  all  of  the  fat  was  not  directly  kat- 
d  to  furnish  the  immediate  source  of  energy  and  that  protein 
!  source  of  all  the  deposited  fat  ?  No,  and  such  may  have  been 
e.  Another  experiment,  however,  proves  that  a  foreign  fat, 
1,  may  be  deposited  unchanged.     If  such  is  the  case  with  a 

fat,  may  it  not  also  Ix*  true  of  those  varieties  of  fat  found 
Iv  in  the  bodv  of  the  animal  under  consideration?  This  is 
d  to  ho  the  case.  It  is  l>elieved  that  excess  of  fat  may  be 
9rf  as  reserve.  Regarding  that  which  is  katal)olize(l  immediately 
known  as  to  the  location  of  the  katalK)lism.  It  mav  he  oxidized 
blooil;  it  is  more  likelv  that  it  is  oxidized  in  the  metal)olic 
In  any  case  the  end  products  are  CO^  and  H/),  and  these 
lites  are  excreted  by  lungs,  skin,  and  kidneys.  In  the  anal)oli?m 
y  acid  and  glycerin  little  energy  is  made  latent.  In  the  kat- 
1  of  fat  to  its  end  jmMlucts  C()^  and  H^O  a  relatively  largi* 
t  of  energy  is  lilnTated.     The  caloiirneter  shows  that  one 
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gram  of  pure  fat  or  oil  will  liberate  about  9600  calories  of  energy 
on  oxidation.  This  is  much  more  than  is  liberated  by  the  same 
amount  of  protein.  There  are  155  atoms  in  a  molecule  of  tripalmitiii, 
whose  oxidation  requires  145  atoms  of  oxygen.  Tliere  are  644  atoms 
in  a  molecule  of  albumin  whose  oxidation  requires  431  atoms  of 
oxygen.  If  the  relative  amount  of  oxygen  requiied  to  be  taken  as 
an  index  of  the  energy  liberated,  then  the  fat  would  have  about  1.5 
times  the  amount  of  energy  represented  by  the  albumin.  It  has 
1.63  times  the  energy  of  albumin,  which  fact  is  probably  due  to 
difference  in  molecular  constitution — i,  c,  in  the  relative  amounts  of 
COj,  HjO,  and  NH,  foimed  on  oxidation. 

4.  Fat  Deposit. — (i)  From  the  carbohydrates  of  the  food  (see 
carbohydrates),  (ii)  From  the  proteins  of  the  food.  Protein  contains 
15  per  cent,  of  nitrogen  and  60  per  cent,  of  carboi>.  Urea  contains 
46  per  cent,  of  nitrogen  and  20  per  cent,  of  carbon. 

From  this  it  follows  that  less  than  \  of  the  carbon  of  protein  will 
be  eliminated  with  the  urea  which  carries  off  all  the  nitrogen.  From 
this  carbonaceous  residue  the  organism  seems  able  to  build  up  tat. 
In  an  experiment  upon  a  dog  which  was  in  m'trogen  equilibrium  a 
pure  protein  food  containing  68  grams  nitrogen  and  260  grams 
carbon  was  given.  When  67.9  grams  of  nitrogen  had  been  elimi- 
nated only  207  grams  of  carbon  had  been  eliminated.  There  was 
a  balance  of  43  grams  of  carbon  retained  and  laid  on  as  fat;  58 
grams  reprcvsenting  17  per  cent,  of  the  total  carbon,  (in)  From  the 
fats  of  the  food.  It  was  formerly  supposed  that  much  of  the  deposited 
fat  came  from  the  ingested  fat.  It  is  clear  in  the  light  of  recent 
investigation  that  at  most  only  a  small  poition  of  it  has  this  source. 

4.  THE  INTERRELATIONS  OF  THE  FOODSTUFFS. 


The  following  figure  affords  a  graphic  illustration  of  the  inter- 
relations which  have  already  been  discu.ssed. 
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B.  SUMMARY  OF  ANABOLISM  AND  KATAB0LI8M.     V^  ^J 

a.  Anabolism. 

Prequent  reference  has  been  made  to  anabolism  and  many  anabolic 
changes  have  been  given.  It  is  proposed  here  to  enumerate  these, 
explaining  such  as  have  not  already  been  discussed. 

(i)  The  synthesis  of  fatty  acids  and  glycerol  in  the  epithelium 
^f  the  alimentary  tract. 

(ii)  The  synthesis  of  n  molecules  of  dextrose  with  dehydration  of 
5^Hme  to  form  glycogen  in  the  liver  and  in  the  muscles. 

(ill)  The  recombination  of  peptone  molecules  into  serum  albumin 
^nd  serum  globulin  in  the  epithelium  of  the  villi. 

(iv)  The  synthesis  of  carbohydrates  to  form  fat  for  deposit  in 
adipose  tissue.   This  process  is  accompanied  by  liberation  of  oxygen. 

(v)  TTie  anabolism  of  protein  fooilstuff  or  blood  proteins  into  living 
protoplasm. 

(vi)  Synthesis  of  phenol  with  sulphuric  acid.  This  combination 
probably  takes  place  in  the  liver  and  the  resulting  phenolsulphate 
of  potassium  is  excreted  by  the  kidneys. 

(vii)  Synthesis  of  benzoic  acifl  with  glycocoll  to  form  hippuric  acid 
like  the  foregoing;  this  is  excretefl  with  the  urine. 

b,  Katabolism. 

The  cases  already  discussed  will  simply  be  enumerated  here. 

(i)  The  hydrolytic  cleavage  of  dextrin  molecules  by  the  cells  of 
the  intestinal  epithelium  with  the  formation  of  dextrose. 

(ii)  The  hydrolytic  cleavage  of  glycogen  into  n  molecules  of 
dextrose  for  each  molecule  of  glycogen.  This  takes  place  in  the 
liver  and  in  the  muscles. 

(hi)  The  formation  in  metal)olic  tissues  of  such  midproducts  of 
katabolism  as  kreatin,  tyrosin,  glycocoll,  sarcolactic  acid,  ammonium 
lactate,  ammonium  carbonate,  etc. 

(iv)  llie  formation,  in  the  liver,  of  such  end  products  of  kat- 
abolism as  urea,  CO,,  HjO. 

(v)  The  katabolism  of  tyrosin,  through  a  series  of  oxidation  and 
cleavages  from  the  rather  complex  paraoxyj)henylamidopropionic 
add  to  COj,  HjO,  and  phenol;  the  latter  combining  >\ith  HKSO^ 
to  form  phenolsulphate  of  iK)tassiuni,  excreted  in  the  urine. 

(vi)  The  katabolism  of  the  red  blood  corpuscle.  The  very  great 
importance  of  the  re<l  blood  corpuscle,  in  its  relations  to  the  general 
organism,  justifies  the  discussion  of  its  katal)olism  at  some  length, 
though  our  knowledge  of  this  process  is  somewhat  fragnfentary. 
ITie  red  blood  corpuscle  has  a  limited  period  of  activity.    At  the  end 
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of  that  period  the  physical  union  between  the  hsemoglobin  and  the 
stroma  of  the  coq>uscle  is  dissolved. 

The  "breaking  down"  of  the  coq>uscle  occurs  in  the  liver;  it  may 
occur  in  the  red  marrow  of  bones;  it  occurs  also  in  the  spleen.  The 
debris  of  red  blood  coq>uscles  may  always  be  found  in  the  spleen, 
either  in  spleen  cells  or  in  leukocytes.  Whether  the  senile  red  Hood 
corpuscle  is  caught  in  the  spleen  pulp  and  incidentally  engulfed  by 
leukocytes  or  whether  it  is  caught  in  the  general  circulation  by  the 
leukocytes  and  brought  to  the  spleen  is  not  known;  probably  both 
methods  occur. 

The  following  diagram  indicates  in  a  general  way  the  steps  in  the 
katabolism  of  the  red  blood  corpuscles: 


Red  blood 
corpuscle 


Stroma 


{ 


Leucin 

other  katabolites 

Leucin 


Hamoglobin 


{ 


Globulin 

other  katabolites 

Hsroatin      (  Fe 


Ca,e«|N404Fe  \ 


+2H^        (  Hsmatoporphyrln=2  BilIniMn+0=BlUterfln 
CaHa,N40,         Ci.HuNjOs  Ci«HuNA 

We  may  sum  up  the  katabolism  of  the  red  blood  corpuscles  by 
saying  that  it  is  broken  up  into  biliverdin,  bilirubin,  iron,  and  a  series 
of  such  bodies  as  leucin,  which  are  probably  excreted  in  the  fonn  of 
urea,  uric  acid,  or  allied  bodies.     Notice  that  some  of  the  decom- 
positions are  eflFected  through  oxidation  and  some  through  hydrolyas. 
Bilirubin  and  biliverdin  are  normally  excreted  by  the  liver.    How  do 
the  products  of  the  first  steps  in  the  decomposition  make  their  way 
from  the  spleen  to- the  liver?    It  has  been  demonstrated  by  Socin  and 
many  others  that  blood  plasma  which  is  free  from  corpuscles  is  also 
free  from  iron.    Then  the  haemoglobin  does  not  pass  from  the  spleen 
to  the  liver  dissolved  in  the  plasma.     Lymph  which  is  free  from  red 
corpuscles  is  also  free  from  iron.    We  are  forced  to  the  conclusion  that 
hiemoglobin  is  carried  from  the  spleen  to  the  liver  by  white  blood  cor- 
puscles.    Many  observers    have    seen   liver   leukocytes    filled   wnth 
minute  particles   of  matter  which,  when    properly  treated,  give  a 
microchemical  reaction  of  iron.     This  is  confirmatory  of  the  abow 
conclusion. 

The  liver  will  continue  to  secrete  bile,  and  as  a  part  of  the  bile 
bilirubin  and  biliverdin,  after  the  spleen  is  extirpated.  It  is  evident, 
then,  that  the  spleen  is  not  the  only  place  where  the  first  steps  of  red 
blood  corpuscle  katabolism  may  occur.  Possibly  it  occurs  normally 
in  the  spleen  and  is  taken  up  vicariously  by  liver  or  red  bone-marrow 
after  the  extirpation  of  the  spleen.  Most  important  to  note  is  the 
fact  that  iron,  which  is  the  ntost  difficult  of  metals  to  assimilate,  is, 
early  in  the  katabolic  process,  split  off  and,  for  the  most  part,  retained 
iti  the  SI/ stem. 
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C.  THE  INCOME  OF  ENERGY.    \  1 

The  income  of  energy  is  represented  by  the  potential  chemical 

energy  o£  the  food  absorbed.     To  determine  the  amount  of  energy 

'ncome  it  is  first  necessary  to  determine  the  potential  energy  of 

foodstuffs  and,  second,  to  determine  the  amount  of  foodstuff  absorbed. 

^^e  first  step  to  take  in  dealing  with  either  matter  or  energy  is  to 

^st^iblish  units  by  which  these  things  may  be  measured. 

The  calorie  is  that  amount  of  heat  required  to  raise  1  gram  of 
^B^ter  1°  C.  The  large  calorie,  or  kilogram-calorie,  is  that  amount 
^'  heat  required  to  raise  1  kilogram  of  water  1°  C. ;  1  kilogram-calorie 
^"ould  raise  500  grams  of  water  2°  C,  or  100  grams  10°  C. 

Specific  heat  is  the  amount  of  heat  required  to  raise  the  temperature 
^f  a  given  body  1°  C.  Water  being  the  standard,  the  specific  heat 
^t  the  animal  body  is  0.8. 

Quantity  of  heat  in  a  body  =  Wt.  X  Sp.  H.  X  t.,  e.g,,  of  a 
10-kilo.  dog  at  38°  C.  =  10  X  0.8  X  38  =  304  kilogram-calories. 

Loss  or  gain  of  heat  in  a  l)ody  =  Wt.  X  Sp.  H.  X  (T°  —  t°). 
How  much  heat  is  lost  from  a  10-kilo.  animal  cooling  from  37.5°  C. 
to  25°  C.    Loss  =  10  X  0.8  X  12.5  =  100  large  calories. 

Calorimetry  is  a  term  applied  to  the  determination  of  heat  units 
or  calories  dissipated  by  any  l)ody.  The  determination  is  made 
through  the  agency  of  the  calorimeter. 

The  calorimeter  has  undergone  many  variations  since  first  devised 
by  Lavoisier  and  La  Place  in  1780.  The  first  calorimeter — ^the  ice 
calorimeter — was  arranged  with  a  double  jacket  of  ice.  The  body 
whose  heat  radiation  was  to  be  determined  was  placed  in  a  cage 
within  the  inner  ice  jacket.  The  amount  of  ice  melted  by  the  radiated 
heat  gave  an  index  of  the  amount  of  heat  given  off. 

The  water  calorimeter  of  Crawford  (1788)  was  similarly  arranged 
except  that  the  heat  was  received  by  a  water  jacket  and  the  rise  in 
temperature  of  the  water  indicated  the  amount  of  heat  j^iven  off. 

The  air  calorimeter,  first  used  by  Scharling  (1849),  has  been  found 
more  reliable  than  either  of  the  earlier  forms.  In  its  lx*st  form  as 
used  by  Haldane,  AMiite,  and  Washburn,*  it  consists  of  an  animal 
chamber  or  combustion  chaml)er  and  a  contn)l  chaml)er  (1  and  2, 
Fig.  200).  llic  IxKly  whose  heat  is  to  lye  determined  is  put  into  cage 
1.  In  the  control  cage  (2)  hydrogen  is  burned  in  quantity  sufficient 
to  keep  the  mercury  manometer  balanced.  '^I'he  numl)er  of  c.c.  of 
hydrogen  burned  in  an  experiment  is  observed.  The  calories  (gram- 
calories)  pro<luced  by  1  c.c.  of  hydrogen  are  known.  Thus  the  gram- 
calories  given  off  by  the  lK)dy  to  Ik*  tested  becomes  known.  I'hrough 
the  aid  of  the  calorimeter  one  may  determine  not  only  the  heat- given 
off  by  the  combustion  of  any  oxidizable  nuiteiial  (carlH)n.  hydrogen, 

>  BrltlBh  Medical  Journal,  Ix>ndon.  1897,  vol.  ii.  p.  11.    Citml  by  S(*hafer. 
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alcohol,  fat,  starch,  albumin,  etc.),  but  also  the  amount  radiated  or 
ponductetl  away  from  any  body — e.  g.,  a  living  animal.  With  the 
means  at  hand  to  determine  the  potential  energy  of  foodstuffs  snd 
the  liberated  and  expended  energy  resulting  from  the  katabolisn  of 
the  food  it  is  possible  to  test  the  law  of  the  cotuervatUm  of  niffjyas 


applied  to  the  animal  organism,  and  to  ascertain  whether  or  not  it 
may  be  verified  in  living  organisms  as  in  the  realm  of  physical  science. 
The  first  step  to  be  taken  is  the  determination  of  the  potential  energj 
of  the  different  classes  of  foodstuffs. 


1.  THE  POTENTIAL  EVERGT  SEFEEBEHTED  BT  FOODSTURS. 

It  is  customary  to  use  one  heat  equivalent  for  carbohydrates,  one 
for  proteins,  and  one  for  fats.  The  value  used  is  an  assumed  on(. 
The  following  table  gives  the  calories  represented  in  different  foods 
and  other  substances  involvcil  in  nutrition: 
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Note  tliat  value  as.suincd  for  carl  )oh  yd  rates  is  not  the  arithmetical 
average,  thiiugh  it  approximates  an  average.  In  computing  the 
energy  n' presented  by  ii  particular  meiui,  one  deals  with  several 
carlKih  yd  rates  in  various  proi>ortions.  Instead  of  computing  the 
different  earlKtliydnites  si'piiiiitcly  it  is  customary  to  use  the  assumed 
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wJue  and  to  multiply  the  amount  of  all  carbohydrates  by  that  factor, 
^e  other  foodstuffs  are  treated  similarly. 

2.  THE  POTENTIAL  ENERGY  OF  COMMON  FOODS. 

To  determine  the  energy  which  any  food  represents  it  is  only 
necessary  to  find  by  analysis  the  amount  of  protein,  of  fat,  and  of 
carbohydrate  which  the  food  contains,  and  to  multiply  these  amounts 
'^y  the  factors  given  in  the  table  of  energy  of  foodstuffs.  For  example : 
^^.tmeal  contains  7.6  per  cent,  of  H^O*  15.1  per  cent,  protein,  7.1  per 
^^t.  fat,  68.2  per  cent,  carbohydrate,  and  2  per  cent,  salts.  One 
"^ndred  grams  of  oatmeal  represent  in  energy  : 

From  protein 15.1  X  4100  cal.  =    61,910 

From  fat 77.1X9400    "    =    66,740 

From  carbohydrate    ....     68.2  X  4180    "    =  285,076 

Total 413,726 

The  energy  of  one  pound  of  oatmeal  is  obtained  by  multiplying 
this  by  4.5.  The  following  table  gives  the  energy  value  of  a  few 
common  foods: 


Food  (mArittt  oondition). 

Caloriei  por  100  gma. 

CBloriei  per  pound. 

WlMotBmd 

SM,804 

1,801,241 

iMtmml 

412,216 

1,878,709 

OomiBMl 

867,428 

1,670,866 

BtuMor  Pom 

868,666 

1,680,091 

Potatoot 

84,162 

882,616 

Milk 

66,044 

268,810 
\  ^^  21'2?21 

EtP 

146,786  (2  eggs) 

666,916 
[dos.  880,416] 

Boof 

114,900 

622,220 

BaixiD 

484,400 

1,974,848 

3.  PRINCIPLES  OF  DIETETICS. 

A  brief  presentation  of  some  of  the  principles  of  dietetics  naturally 
follows  the  subjects  of  digestion  and  metabolism. 

Dietetics  may  be  defined  as  the  science  and  art  of  the  choice  and 
preparation  of  food. 

The  science  of  dietetics  includes  so  much  of  physiology  as  pertains 
to  the  nutritional  value  of  the  various  foodstuffs  and  foods,  so  much 
of  hygiene  as  pertains  to  the  influence  of  foods  on  the  normal  indi- 
vidual, and  so  much  of  therapeutics  as  pertains  to  the  influence  of 
foods  upon  the  unhealthy  individual. 

The  art  of  dietetics  consists  in  the  skill  which  is  manifested  in  the 
choice  and  preparation  of  food,  which  skill  is  measured  by  the 
adaptability  of  the  prepared  food  to  the  needs  of  the  individuals  to 
whom  it  is  to  be  served. 
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a.  An  Ideal  Eation  for  an  Average  Man  at  Light  WoriL 

The  ration  given  in  the  following  table  was  arranged  by  Mrs.  E. 
H.  Richards,  and  is  given  by  Thompson  in  his  practical  dietetics. 


Amount. 

Pbotsin. 
Gmii.        Oz. 

31.75       1.12 

Fat. 
Gms,        Oz. 

2.26       0.0R 

CARBOH' 

Gms. 

tdratk. 
Oz. 

9.04 

Matkriai 

-8. 

Gmi) 
453.6 

Oz. 
16 

CALotrv. 

Bread    .    . 

257.28 

1.226,M9 

Meat     .    . 

2.6. 8 

8 

34.02 

1.20 

n.S4 

0.40 

•••    ••« 

216,074 

Oysters.    . 

226.8 

8 

12.52 

0.44 

2.04 

0.07 

•••  •*■  • 

~.... 

70^ 

Cocoa    .    . 

28.3 

1 

6.60 

0.23 

7.50 

0.26 

9.60 

0.34 

U7.6B8 

Milk.    .    . 

1IS.2 

4 

3.63 

0.18 

4.42 

0.16 

4.88 

0.17 

78,829 

Broth    .    . 

456.6 

16 

18.14 

0.64 

18.14 

0.64 

90.72 

S.20 

624,099 

Sugar    .    . 

28.3 

1 

••• •••« 

27.  S6 

a96 

lUJM 

Butter  .    . 

14.17 

H 

0.14 

1-2.27 

0.50 

•••  ••• 

115.912 

ToUls  . 

•               •• • • •••• . 

106.8 

57.97 

3M9.8I 

2,612,J3 

_   _    -    - 





_      

—  - 

b.  Eati^o«  for  Average  Men  under  Different  Conditions. 

The  diet  should  vary  with  the  requirements  of  the  system.  The 
ration  which  is  adequate  for  a  dry-goods  clerk  would  be  totally 
inadequate  for  a  lumberman  in  the  northern  forests.  One  does 
light  work  in  a  warm  room ;  the  other  does  hea\y  work  out-of-doors 
ill  the  coldest  weather.  '^Flie  ration  suggested  under  a  would  be 
proper  for  an  in-<loor  and  se<lentary  occupation. 

The  following  table,  compiled  by  Atwater/  gives  an  idea  of 
requirements  under  various  conditions: 


Conditions. 

Man  at  light  in-door  work  .... 
out-of-door  work    . 

'*     moderate  out-of-door  work    . 

"     hard  "  "       .        . 

*•     very  hard  out-of-door  work  in  winter 
United  States  Army  rations 

Navy       ••  ... 

College  football  team 

Teamsters,  marble  cutters  i  Boston >   . 
Ijiborers  of  Lombanly  ^ Italy)    . 


Protkixs. 

Fats. 
60 

Carbo- 

HYDmATES. 

EN06T  IK 
CALOtlD. 

no 

S90 

2,645,200 

110 

100 

400        ' 

3,063.000 

125 

125 

4oO 

3.568.500 

150 

150 

500 

4,120.000 

180 

200 

600 

5.026,000 

120 

161 

454 

3.863,000 

143 

184 

520 

5.012^ 

181 

292 

657 

5.760,100 

2M 

863* 

826 

7.829,400 

82 

40 

862 

2.200.200 

1  Quoted  here  from  Thompson's  Practical  Dietetics. 
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c.  Eations  Varied  for  Sex  and  Age. 

(Compiled  from  Thompson's  Pkactical  Dietetics.) 


Vabiatioms  of  Sex  amd  Agb. 

1                                                      r 

Proteins. 

1 

Fats. 

Carbo-    1 
hydkatbs.  , 

75      )' 
60-90   i 

Calobies 

ENERGY. 

Children  to  l^  years  old  . 

•  { 

20-36 

87 
30-45 

769,800 

C^<lrBnl)4  to  6  yeare  old 

. 

55 
86-70 

40 
85-48 

200 
90-260 

}; 

1,423,500 

CMldren  6  to  15  yeaiB  old 

•   { 

75 
70-.S0 

43 
37-50 

825    \ 
•260-400/ 

2,048,600 

^<>«tten.  with  light  exercise  ( AtwaU-r)   . 

80 

80 

800 

1 

2,808.000 

^Qmeu  of  moderate  work  (Vo;t)    . 

92 

44 

400 

1 

2,435,200 

Ag^d  womeu 

'     1 

^0 

60 

260 

! 

1,867,000 

^•^^  men 

• 

100 

68 

860 

1 

2,487,000 

^•wiiig  girl,  London,  93c.  per  week 

53 

38 

816 

1 

1,825,800 

''*ctory  girl,  Leipzig,  tl.21  per  week 

62 

63 

HOI 

1 

1,945,200 

d.  To  Arrange  a  Menu  for  Particular  Conditions. 

If,  for  example,  one  wishes  to  arrange  a  winter  diet  f   •  a  student 

whose  age  is  twenty-four  years,  weight  70  kilograms,  who  is  warmly 

clad,  and  who  takes  a  moderate  amount  of  light  exercise  in  the 

open  air,  he  would  choose  a  diet  which  represents  about  3,000,000 

calories  of  energy.  If  the  subject  does  not  crave  fat,  the  carbohydrates 

must  predominate  as  energy  producers.     Take,  say,  proteins   125 

grams,   fat   90  grams,   and   carbohydrates   sufficient   to   bring  the 

calories  to  3,000,000—1.  e.,  carbohydrates  395.7.     With  the  help  of 

such  tables    of  food    analyses    as    are    given    above    under   foods 

(p.  318  et  seq.)  one  can  choose  a  variety  and  still  keep  the  several 

foodstuffs  approximately  as  suggested. 

e.  The  Isodjmamic  Equivalents  of  Foodstuffs. 

In  making  up  dietaries  one  must  frequently  take  into  account  the 
fact  that  fat  may  replace  carlwhydrates  or  vice  versa,  and  that  protein 
may  replace  either.  This  interrelation  of  the  foods  in  nutrition 
necessitates  the  use  of  certain  coefficients  called  isodynamic  equiv- 
alents. 

TTie  isodynamic  equivalent  may  be  expressed  thus: 


4100 
9400 


=  0.436. 


(I)  Of  protein  to  fat :  cJ  (^  ^  ^  = 
(II)  Of  protein  to  carbohydrate:    ^  (       )  = 
(III)  Of  carbohydrate  to  fftt;   cJ  (  yj  = 


4100 
4180 


=  0.98. 


4180 


9400 


=  0.445. 
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With  the  aid  of  these  coeflBcients  one  may  readily  compute  the 
amount  of  one  food  to  be  substituted  for  another  when  a  change 
of  proportion  is  indicated.  Suppose  one  wishes  to  modify  the 
"light-work  menu"  given  above  by  substituting  fats  for  the  carbo- 
hydrates in  excess  of  350  grams,  389.84  —  350  =  39.84  grams. 
How  much   fat   is   equivalent   to   39.84  grams  of  carbohydrates? 

d   (^\    =  0.445.     3984  X  0.445  =  17.73  grams  of  fat;  57.97  + 

17.73  =  75.7  grams  fat.  The  modified  "light-work  menu"  now 
consists  of  proteins,  106.8;  fat,  75.7;  carbohydrates,  350;  hd  xi 
represents  the  same  energy  as  before;  it  is  isodynamic  with  the  menu 
as  tabulated.  It  may  be  said  here  that  the  protein  should  never  jail 
below  100  grams  per  day  for  an  adidi  man,  or  80  grams  per  day  for 
an  advlt  woman. 


D.  THE  LIBERATION  OF  ENERGY. 

a.  The  Primary  Liberation  of  the  Potential  Energy  of  the 

Organism. 

The  potential  chemical  energy  of  the  tissues  and  fluids  of  the 
body  represents  the  capital  of  the  organism.  But  this  energy  must 
be  liberated — must  be  made  kinetic — ^in  order  to  figure  in  the  life 
processes  of  the  organism.  In  the  calorimeter  the  energy  of  the 
foodstuffs  is  liberated  by  a  process  of  rapid  oxidation  or  combustion. 
In  the  animal  organism  the  energy  is  liberated  by  a  process  of  slow 
oxidation  usually  associated  with  step-by-step  katabolism.  It  has 
been  demonstrated  that  the  heat  is  produced  in  the  same  aggregate 
quantity,  whether  the  katabolism  or  oxidation  be  slow  or  rapid. 
The  heat  energy  determined  by  the  calorimeter,  then,  will  be  actually 
liberated  in  the  organism;  and  if  a  man  has  a  daily  energy  in- 
come of  3,000,000  calories  and  is  in  a  condition  of  material  equi- 
librium, 3,000,000  calories  of  energy  must  be  daily  liberated  and 
expended. 

If  the  question  arises,  By  what  process  or  processes  is  the  energj' 
liberated?  the  answer  is,  briefly:  The  processes  of  katabolism  are 
the  processes  of  energy  liberation.  The  two  processes  are  inseparable 
because  in  a  sense  identical. 

In  what  form  arid  in  what  location  is  th£  energy  liberated? 

It  has  been  intimaterl  that  all  of  the  energy  is  liberated  in  two 
general  forms  and  in  three  locations:  (i)  in  the  form  of  heat  and 
mechanical  motion  in  the  muscles;  (ii)  as  heat  in  the  active  glands; 
(hi)  as  heat  and  something  analogous  to  electricity — nervous  energj' 
— in  the  central  nervous  system :  and  that  the  proportions  of  the  total 
energy  liberated  in  the  several  locations  respectively  are  approx- 
imately as  16  :  3  :  I,  or  80  per  cent.  :  15  per  cent.  :  5  per  cent. 
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b.  The  Transformation  of  Energy.  /, 

Much  of  the  energy  liberated  as  energy  of  motion  is  converted 
into  heat  before  leaving  the  body.  This  transformation  occurs  by 
virtue  of  friction  of  the  tissues  and  fluids.  As  an  extreme  example 
let  us  take  the  energy  of  the  systole  of  the  heart,  which  will  sum  up 
to  a  prodigious  amount  during  twenty-four  hours.  The  immense 
sum  of  energy  is  all  liberated  as  energy  of  motion,  but  all  except 
an  infinitesimal  amount  is  transformed  by  friction  of  blood  on  walls 
of  vessels  to  heat  and  leaves  the  body  in  that  form.  If  the  work 
done  by  the  heart  of  the  adult  at  each  contraction  is  320  gram-metres, 
and  if  the  heart  beats  about  72  times  per  minute,  then  the  work  of 
the  heart  would  amount  to  77,970  calories  in  twenty-four  hours 
(425.5  gram-metres  =  1  gram-calorie),  or  about  -^  of  the  total 
energy  usually  expended,  or  about  ^\  of  a  heavy  day's  work.  Nervous 
energy  is  also  transformed  to  heat  energy. 

c.  The  Conservation  of  Energy.     V  ^  • 

The  law  of  the  conservation  of  energy  holds  as  absolute  sway  in 
the  animal  organism  as  in  the  non-living  world  about  us.  Every 
calorie  of  energy  taken  in  either  remains  as  stored -up  potential 
energy,  or  it  escapes  from  the  body  in  the  form  of  heat,  of  mechanical 
motion,  or,  as  in  case  of  urea,  as  unliberated  potential  energy.  The 
unliberated  energy  is,  however,  corrected  in  the  above  and  subse- 
quent calculations.  Rubner*  has  been  successful  in  practically 
demonstrating  that  in  the  animal  body  the  law  of  the  conser\'a- 
tion  of  energy  holds  good.  The  subject  of  his  experiment  was  a 
12-kilogram  dog  which  was  confined  in  a  calorimeter  cage,  thus 
confining  the  energy  liberated  to  heat  energy.  The  dog  received 
during  the  period  228.06  grams  of  pi-otein  and  340.4  grams  of 
fat.  This  food  represented  a  total  of  4,111,970  calories.  The  amount 
of  heat  actually  given  off  during  this  period,  as  shown  by  the  calori- 
meter was  3,958,000  calories.  Thus,  96  per  cent,  of  the  energy 
received  as  potential  energy  of  food  appeared  as  kinetic  heat  energy. 
The  remaining  4  per  cent,  may  represent  the  mechanical  energy  of 
the  movements  made  in  eating  the  food  or  other  movements  made 
even  in  a  confined  space.  In  another  experiment  the  net  energy 
received  in  the  ingesta  was  278,500  calories;  the  heat  energy  given 
off  276,800;  in  this  case  over  99.3  per  cent,  of  the  energy  was  given 
off  as  heat,  leaving  less  than  0.7  per  cent,  for  mechanical  energ)'. 

d.  The  Expenditure  of  the  Kinetic  Energy  of  the  Organism. 

All  of  the  kinetic  energj'  of  the  body  is  finally  expended  in  one  or 
the  other  two  forms:  as  heat,  or  as  motion.     A  certain  amount  of 

1  Z«fitacb.  f.  Biol  .  MUncben,  1904.  Bd.  xxx.,  S.  73. 
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energy  which  enters  the  system  as  potential  energy  leaves  as  potential 
energy.  The  matter  holding  this  energy  is  urea,  uric  acid,  feces, 
milk,  the  reproductive  products,  and  the  oil  secreted  by  the  skin,  or 
other  epidermal  products  which  are  shed,  moulted,  or  abraded. 

We  are  now  in  a  position  to  take  an  exact  account  of  the  income 
and  expenditure  of  the  energy  of  the  organism,  and  may  express 
the  fact  that  the  two  amounts  are  equal  through  the  use  of  a  f  a/cnrr 
Sheet, 

Balance  Sheet  of  Energy  for  Man  at  Light  Work. 

iMcom  IN         ExmiDiTUU 

CALOBIES.  IN  CJLLOtm 

Income : 

Proteins:  110 grams (&)  4100 calories    .       .  451,000 

Fats:  100      "      @  9400       "...  MO.OOO 

Carbohydrates:  400     "      @4180       "...  1.672,000 

Expenditure : 

1.  Mechanical  worlc.  212,750  kilogram-metres     500,000 

[425.5  gram-metres  equivalent  to  calorie.] 

2.  Heat  lost  in  2340  grams  of  excreta 58,500 

[Cooling  from  87®  C.  to  12°  C:  2340  X  25  calories.] 

3.  Heat  required  to  warm  13,000  grams  of  air  from)      %i,W 

12°  C.  to  370  c i 

[Specific  heat  of  air  -  0.26.-.  13.000  X  25  X  0.26.] 

4.  Evaporating  330  grams  of  water  from  lungs    192.000 

[I  gram  requires  582  calories.] 

5.  Evaporating  660  grams  of  water  from  the  skin     884,000 

6.  Radiation  and  conduction  tmm  skin  about    1.344,000 

3.0(i3.U0O  8,06S.OOO 

With  varying  muscular  activity  and  varying  external  temperature 
there  will  l)e  a  fluctuation  of  the  cre^lit  side  of  the  account.  If  the 
balance  is  against  the  system  the  reserved  nutrients  are  called  out 
for  an  immediate  adjustment  of  the  account.  Later  the  reserNe  is 
made  good  by  a  more  liberal  diet. 


f:.  ANIMAL  HEAT.     >^. 


i\ 


a.  Oeneral  Considerations. 

The  subject  of  animal  heat  belongs  logically  under  liberation  oj 
energy.  Many  of  the  things  usually  discussed  under  animal  heat 
have  already  been  treated  above.  The  ver}'  great  importance  of 
certain  phases  of  this  subject  justifies  special  emphasis  under  a 
separate  heading. 

From  what  has  preceded  it  goes  without  saying  that  the  heat  of 
the  animal  body  is  the  liberated  heat  of  metabolism.  This  heat  is 
subject  to  constant  additions  through  metabolic  activity  of  the  tissues 
and  to  constant  subtractions  through  radiation  or  conduction  from 
the  surface. 
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One  of  the  most  remarkable  mechanisms  in  the  animal  body  is 
the  heat-regulating  apparatus.    Through  its  operation  certain  animals 
^le  able  to  maintain  a  fairly  constant  temperature,  whatever  the 
temperature  of  their  surrounding  medium  may  be.     Animals  thus 
*We  to  maintain  an  even  temperature  in  an  uneven  medium  are 
wassified  as  Homothernnl  (even  terperatured),  while  animals  which 
*i^  not  able  to  maintain  an  even  temperature,  but  whose  temperature 
varies  with  that  of  the  surroundings  are  classified  as  Poikilothermal 
(varied  t  mper?  tured).     Poikilothermal  or  "cold-blooded"  animals, 
"X  virtue  of  their  sluggish  metabolism,  have  a  temperature  somewhat 
"^her  than  the  medium  when  the  latter  has  a  relatively  low  temper- 
ature; but  above  a  certain  point  the  temperature  of  the  animal  falls 
^nnewhat  below  that  of  the  medium.    This  is  well  illustrated  by  the 
trog.    The  frog's  temperature  in  water  at  2.8°  C.  is  5.3°  C,  in  water 
^^  20.6°  C.  is  20.7°  C,  and  in  water  at  41°  C.  is  38°  C.    The  poikilo- 
^^^tirmal  animals  are  the  reptiles,  amphibia,  fishes,  and  invertebrates. 
The  homothermal  or  "warm-blooded'*  animals  include  the  birds 
^nd  mammals.    The  following  mean  temperatures  per  rectum  have 
Wn  determined:    horse,  37.9°  C;  cow,  38.6°  C;  sheep,  40.2°  C; 
<log,  38.6°  C;  cat,  38.7°  C;  pig,  38.7°  C;  rabbit,  39.2°  C;  guinea- 
pig,  38.7°  C;  white  rat,  38°  C;  monkey,  38.4°  C;  common  fowl, 
41.6°  C;  duck,  42.1°  C;  pigeon,  40.9°  C;  whale,  38.8°  C;  seal, 
38.9°  C;  great  titmouse  (a  bird),  44°  C.  (111°  F.);  vellow  hammer, 
43.2°  C. 

6.  Method  of  Determining  the  Mean  Temperature.         j 

The  usual  method  of  determining  the  temperature  of  an  animal 
is  to  insert  a  mercury  thermometer  into  some  enclosed  space,  hokling 
it  in  position  until  the  thermometer  registers.  Various  locations  are 
chosen:  the  mouth,  the  axilla,  the  groin,  the  rectum,  and  the  vagina. 
llie  location  most  usuallv  chosen — the  mouth — is  the  one  which  Ls 
subject  to  the  greatest  accidental  variations.  Observation  has  shown 
that  the  most  reliable  and  unvarying  temperature  may  be  gotten  by 
inserting  the  thermometer  several  centimetres  (3  to  0  cm.)  into  the 
rectum  or  vagina. 

The  thermometer  should  register  tenths  of  a  degree.  Tlie  temper- 
atures recorded  above  are  in  the  Centigrade  scale,  in  which  the 
difference  in  the  stand  of  the  mercury  column  at  freezing  and  at 
l>oiIing  is  divided  into  100  parts  or  degrees  Centigrade.  The  Fahren- 
heit scale,  most  used  in  America,  differs  from  the  Centigrade  in 
arbitrarily  assuming  for  the  freezing  point  -f  32°  and  for  the  boiling 
point  +212°,  dividing  the  space  l)etween  these  two  points  into 
180°  F.;  1°  F.  is  equal  to  ^°  C,  or  0.555°  (\,  while  1°  C.  =  1.8°  F. 
To  reduce  a  Centigrade  reading  to  Fahrenheit  it  is  onlv  necessarv  to 
multiply  by  1.8  and  add  32°— t.  e,,  38°  C.  =  [38  X  1.8  +  32]  100.4°  F. 
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To  reduce  a  Fahrenheit  reading  to  Centigrade  one  subtracts  32° 
and  multiplies  by  0.555;  thus  100.4°  F.  (100.4  —  32°  =  68.4  X  0.555 
=  38°  C. 

From  what  will  follow  it  will  be  evident  that  in  the  coUedvm  oj 
data  for  comparison,  uniformity  of  method  must  be  observed  throughmd 
a  series  of  observations.  If  one  wishes  to  determine  the  mean  rectal 
temperature  in  the  human  subject  he  should  make  the  observations 
at  a  particular  time  in  the  day,  otherwise  his  results  will  be  varied 
by  two  factors.  If  he  wishes  to  compare  oral  with  rectal  temperature 
he  should  observe,  as  indicated  above,  every  precaution  to  eliminate 
every  other  variable  except  the  one  whose  value  he  wishes  to  deter- 
mine. If  he  attempts  to  compare  the  morning  rectal  temperature  of 
a  man  with  the  evening  oral  temperature  of  a  child  his  results  ^ill 
be  valueless. 

V    '■•    c.  Factors  which  Cause  Variations  of  Temperature. 

1.  Climate. — ^There  is  very  little  difference  in  the  body  temperature 
of  the  races  inhabiting  frigid,  temperate,  and  torrid  zones;  but  if  a 
native  of  the  frigid  zone  travels  into  the  torrid  zone  his  temperature 
will  rise  several  tenths  of  a  degree  higher  than  the  normal,  for  the 
reason  that  his  organs  of  heat  regulation  cannot  easily  adjust  them- 
selves to  so  profound  a  change  in  the  environment,  and  the  heat 
accumulates  in  the  body.  When,  on  the  other  hand,  a  native  of  the 
torrid  zone  is  subjected  to  a  frigid  temperature,  his  heat  production 
cannot  keep  pace  with  the  heat  expenditure  and  his  temperature  falls 
slightly  below  the  normal. 

2.  Sex. — Sex  exerts  little  influence.  Extended  observations  have 
determined  that  the  temperature  of  a  bitch  is  0.2®  C.  lower  than  that 
of  a  dog,  that  the  temperature  of  a  female  duck  is  0.3°  C.  higher  than 
that  of  the  male  duck,  and  that  the  tempeniture  of  the  mare  is  0.4®  C. 
higher  than  that  of  the  stallion.  This  difference  is  small  and  incon- 
sistent. The  results  for  the  human  subjects  are  contradictory,  but 
the  temperature  of  the  woman  seems  to  be  subject  to  greater  normal 
variations  than  does  that  of  the  man. 

3.  Age. — Infants  and  children  have  a  mean  temperature  higher 
than  the  mean  temperature  of  the  adult  by  about  0.4°  C.  After 
puberty  the  temperature  reaches  the  level  of  the  adult  temperature, 
which  level  it  maintains  throughout  life  with  possibly  a  slight  rise  in 
rectal  temperature  with  old  age. 

4.  The  Changing  Season.— The  oral  temperature  follows  the 
seasons,  being  slightly  higher  in  summer,  and  slightly  lower  in  winter. 
The  rectal  temperature  is  higher  in  the  winter  and  early  spring  than 
at  any  other  time  during  the  year.^ 

Animals  have  a  remarkable    resistance  to  extremes  of    climatic 

1  Bosanquet,  lancet.  London,  1895,  vol.  i.  p.  672. 
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changes,  the  body  temperature  not  rising  perceptibly  when  the 
external  rises  several  degrees  Centigrade  above  the  temperature  of 
the  blood.  On  the  other  hand,  animals  and  men  subjected  to  sudden 
fall  of  temperature  in  winter  will  maintain  an  equable  temperature. 

5.  The  Influence  of  Day  and  Night.— The  following  chart  gives 
the  result  of  observations  by  Jiirgensen  and  liebmeister.^  Note  that 
the  lowest  temperature  is  at  5  a.m.,  and  the  highest  from  5  p.m.  to 
7  P.M.    The  range  is  just  1°  C,  or  1.8°  F. 
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The  cause  for  these  variations  seems  to  be  the  bodily  activity  of 
the  day  and  the  rest  of  the  night,  because  in  men  who  work  nights 
and  sleep  during  the  day  the  curve  is  practically  reversed. 

6.  Muscular  Work. — The  muscles  are  the  heat-producing  organs 
far  excellence^  80  per  cent,  of  the  heat  energy  of  the  body  being 
liberated  in  the  muscles.  The  heat-producing  function  of  the  muscles 
is  not  by  any  means  independent  of  their  contractility.  Just  how 
far  these  two  functions  are  interdependent  is  undetermined.  It  is 
certain  that  when  an  urgent  call  for  more  heat  is  made  upon  the 
system  the  muscles  respond  with  involuntar}'  jerky  contractions 
{shivering).  The  natural  impulse  is  for  the  animal  to  begin  active 
voluntary  exercise  to  "warm  up."  On  the  other  han<i,  heat  is  pro- 
duced in  the  muscles  when  they  are  apparently  at  perfect  rest  so  far 
as  any  visible  or  sensible  contractions  are  concerned;  yet  if  the 
muscles  are  paralyzeil  by  curare  they  lose  their  heat-producing  power 
and  the  animal  is  at  the  mercy  of  external  temperature — i.  e,,  poten- 
tially a  "cold-blooded"  animal.  There  is  an  increased  production  of 
heat  during  exercise;  if  the  increased  amount  of  heat  is  not  given 
off  from  the  body  as  fast  as  it  is  liberated  within  the  body  there 
will  be  a  rise  of  temperature.  Repeated  observations  by  numerous 
observers  show  that  vigorous  muscular  exercise  may  l)e  attended 
by  a  rise  of  as  much  as  1.2°  C. 

7.  Mental  Woric. — For  reasons  similar  to  those  cited  above  under 
muscular  work,  there  is  a  rise  of  temperature  accompanying  vigorous 
mental  work.  This  rise  is  local  and  may  or  may  not  be  communicated 
in  perceptible  degree  to  the  system  in  general,  though  it  is  usually  con- 


1  Handbncb  der  Paihologie  und  Therapie  dei  Fiobers,  l^eipzig,  1875. 
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ceded  that  the  general  temperature  may  rise  as  much  as  0.7°  C.  wth 
mental  work. 

8.  Food. — ^The  increased  activity  of  the  digestive  glands  and  of 
the  involuntary  muscles  of  the  digestive  system  causes  a  somewhat 
increased  production  of  heat.  At  the  same  time  a  large  proportion 
of  blood  is  collected  in  the  central  organ — less  upon  the  surface— 
and  the  heat  expenditure  is  increased.  These  two  things,  working 
together,  tend  to  raise  the  temperature.  When  other  factors  tend  to 
lower  the  temperature  a  meal  would  have  the  effect  of  keeping  up 
the  temperature  when  it  would  otherwise  fall.  This  is  the  effect 
of  a  dinner  at  night. 

9.  Sleep. — Sleep  in  itself  has  no  influence  directly  upon  temper- 
ature. Perfect  rest  which  accompanies  sleep  causes  a  slower  pro- 
duction of  heat  and  consequently  a  fall  of  temperature. 

10.  Baths. — ^When  a  warm-blooded  animal  is  immersed  in  a  bath 
it  is  at  the  mercy  of  two  factors,  heat  production  and  heat  conduction. 
The  first  factor  is  not  likely  to  differ  much  from  the  normal;  so  that 
the  principal  factor  is  the  temperature  of  the  bath.  If  it  is  above 
blood  temperature  the  body  temperature  will  rise.  If  the  temperature 
of  the  bath  is  below  that  of  the  blood — the  usual  condition— the 
temperature  will  tend  to  fall,  though  it  must  be  remembered  that 
the  heat-producing  factor  may  in  this  case  be  an  important  one. 
If  the  temperature  of  the  bath  is  much  below  that  of  the  blood  the 
fall  of  body  temperature  may  be  considerable.  A  12-minute  bath 
in  sea-water  at  6.7°  C.  caused  a  fall  of  oral  temperature  from  36.7°  C. 
to  34°  C. 

11.  Extreme  Temperatures  Artificially  Produced.— \Mien  an 
animal  is  subjected  to  extreme  heat  much  in  excess  of  that  which 
it  may  experience  with  the  changing  seasons,  it  is  able  to  maintain 
a  fairly  even  temperature  for  some  time  if  iKe  heated  air  be  rfry,  while 
in  moist  heat  the  temperature  quickly  rises  and  death  ensues.  The 
reason  for  this  is  simple:  in  dry  air  the  evaporation  from  the  surface 
keeps  the  temperature  down;  while  in  moist  air  the  evaporation  is 
reduced  or  quite  suspended  and  the  animal  has  no  defence  against 
the  extreme  high  temperature. 

When  a  homothermal  animal  is  subjected  to  extreme  cold  the 
protective  process  consists  in  retaining  enough  of  the  liberate<l  heat 
to  keep  the  temperature  up  to  normal.  The  coat  of  hair  or  feathers  or 
subcutaneous  fat  usually  suffices  in  all  animals  which  are  accustomed 
by  nature  to  low  temperature.  Animals  not  so  protected  succumb  soon. 

Cold-blooded  animals,  especially  fish,  may  be  cooled  to  so  low 
a  temperature — 1°  C.  to  3°  C. — that  there  is  a  torpor  stimulating 
death;  but  with  the  gradual  rise  of  temperature  the  life  processes 
start  up  again. 

12.  Drugs. — Alcohol,  by  increasing  cutaneous  circulation,  causes 
a  fall  of  temperature. 
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Chlorojomiy  ether,  morphine,  chloral,  and  nicotine  cause  a  fall  of 
temperature  through  decreased  heat  production. 

Curari  causes  fall  through  paralysis  of  the  muscles  followed  by 
decreased  heat  production. 

Cocaine,  atropine,  caffeine,  and  veratrine  raise  the  temperature 
through  decreased  heat  radiation  or  increased  heat  production. 

13.  Individual  Differences  of  Temperature. — ^The  mean  temper- 
ature of  individuals  of  the  same  species  living  under  exactly  the  same 
circumstances  will  not  always  be  the  same.  The  mean  temperature 
of  one  man  may  differ  by  as  much  as  0.7°  C.  from  that  of  another, 
all  conditions  being  apparently  the  same. 

14.  The  Limits  of  the  Variations. — Pembrey  gives  the  maximum 
range  of  normal  human  temperature  as  2?  C.  (3.6°  F.).  **  By  exposure 
to  cold,  especially  when  subjects  are  victims  of  alcoholic  intoxication, 
the  temperature  may  fall  as  low  as  24°  C.  without  a  fatal  issue."^ 

The  maximum  temperature  compatible  with  life  as  reported  bv 
Wunderlich  is  44.75°  C.  (112.6°  F.).    Death  followed. 

d.  Temperature  Topography. 

(a)  Temperaturk  of  Superficial  Cavities. 
(I)  Closed  axilla  =  37°  C.  =  98.5°  F. 
(ii)  Mouth  (under  tongue)  =  37.2°  C.  -  97°  F. 

(III)  Rectum  =  38°  C.  =  100.4°  F. 

(IV)  Vagina  =  38.2°  C.  =  100.8°  F. 

(J)  Temperature  of  Fluiis  and  Tissues. 
(I)  Blood  in  left  heart  =  38.6°  C. 
(ii)  Blood  in  right  heart  =  38.8°  C. 
(Ill)  Blood  in  hepatic  vein  =  39.7°  C. 
(iv)  Blood  in  crural  vein  =  37.2°  C. 

e.  Heat  Eegulation  or  Thermotaxis. 
1.  Eolation  of  Heat  Oeneration  to  Heat  Expenditure. — In  order 

to  maintain  an  even  temperature  of  lx>dy  in  a  medium  of  widely 
varying  temperature  it  is  necessary  that  the  organism  l)e  provided 
with  some  means  of  adjusting  either  rate  of  heat  production  or  the 
rate  of  heat  radiation.  The  factors  which  work  together  to  maintain 
the  thermotactic  condition  are  called  thermogenic  and  thermolytic 
factors.  These  two  factors  have  the  following  relation  to  thermotaxis: 
the  greater  the  thermogenesis  the  higher  the  temperature;  the  greater 
the  thermolysis  the  lower  the  temperature.  These  relations  may  he 
represented  thus: 


,^  ,  1  hermoijenesis 

lemperature  =  ,,^r -,-  . — 

1  hermolvsis 

>  Pembrey's  and  Schafer's  Text-book  of  Physiology,  vol.  i.  p.  821. 
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(a)  Variatioii  of  One  Factor. — From  the  above  expression  it  is 
evident  that  the  temperature  will  be  raised  by  an  increase  of  heat 
formation  or  by  a  decrease  of  heat  radiation. 

Furthermore,  the  temperature  may  be  lowered  by  a  decrease  of 
heat  formation  or  by  an  increase  of  heat  radiation. 

(6)  Variatioii  of  Both  Factors  Together. — (i)  Both  of  these  factors  may 
increase  at  the  same  time.  If  both  are  increased  proportionally  there 
will  be  no  change  in  the  temperature.  If  heat  formation  increases 
more  than  heat  liberation  the  temperature  will  rise.  If  the  heat 
liberation  increases  more  than  the  heat  formation  there  will  be  a  fall 
of  temperature. 

(ii)  The  thermotactic  factors  Ttiay  both  decrease  at  the  same  time. 
If  heat  generation  is  decreased  proportionately  with  heat  radiation 
the  temperature  would  remain  unchanged.  If  heat  generation  is 
decreased  more  than  heat  radiation  there  would  be  a  decrease  (fall) 
in  temperature.  If  heat  generation  is  decreased  less  rapidly  than  is 
heat  liberation  there  would  be  an  increase  (rise)  in  temperature. 

2.  Thermotactic  Centres,  (a)  Thermogenic  Centres. — ^These  cen- 
tres may  be  classified  as  general  and  special:  ijie  former  located  in  the 
cord,  and  the  latter  in  the  brain.  Thermogenic  impulses  pass  from 
the  general  spinal  centres  to  the  metabolic  tissues,  probably  along  the 
trophic  nerves  supplying  those  tissues. 

Reflex  response  to  temperature  changes  outside  of  the  body  is 
accomplished  through  the  action  of  the  special  centres  located  in  the 
brain.  These  special  centres  are  classified  as  thermoaugmentor  and 
thermoinhibitory.  These  centres  send  their  impulses  to  the  general 
centres  and  thus  influence  metabolism  only  through  the  general 
centres  and  their  nerves.  The  thermoaugmentor  centres  are  located 
in  the  caudate,  nuclei,  pons,  and  medulla,  while  the  thermoinhibitory 
centres  are  located  in  the  region  of  the  sulcus  cruciatus  and  at  the 
junction  of  the  suprasylvian  and  postsylvian  fissures.  (Reichert.) 
The  special  thermogenic  centres  are  actuated  by  cutaneous  sensory 
impressions  and  by  sensory  impressions  from  the  blood. 

(b)  Thermolytic  Centres. — The  factors  of  thermolysis  are:  d) 
radiation;  (ii)  evaporation. 

Both  radiation  and  evaporation  must  take  place  from  the  surface 
of  the  skin  or  respiratory  mucous  membranes,  principally  the  former. 

Dilatation  of  the  cutaneous  arterioles  favors  both  radiation  and 
increased  secretion  of  perspiration.  Contraction  of  the  arterioles  has 
the  reverse  influence  u()on  radiation  and  evaporation.  It  then 
l)ecoines  evident  that  l)oth  factors  of  thermolysis  may  be  increased 
by  cutaneous  vasodilatation.  The  vasomotor  centres  may  be 
classified  as  (a)  vasoconstrictor  and  (^i)  vasodilator. 

(«)  TuE  Vasoconstrictor  Centre  is  bilateral  and  is  located  in 
the  anterior  end  of  the  floor  of  the  fourth  ventricle.  ^Fhis  centre  is 
always  in  action  and  constant  impulses  from  it  to  the  various  vessels 
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eiusi's  their  tonus.  This  centre  seems  to  be  general  in  its  jurisdiction 
nd  various  stimuli  may,  through  its  action,  cause  general  increase 
r  decrease  of  vasoconstriction,  accompanied  by  general  rise  or  fall 
f  blood  pressure. 

(/3)  The  Vasodilator  Centres  are  not  centralized  in  some  cir- 
umscribed  part  of  the  brain  or  cord,  but  "diffuse" — i.  e.,  small  local 
entres  are  located  intracranially  and  extracranially  along  the  central 
lervous  axis.  The  purpose  of  this  becomes  evident  when  we  remem- 
ler  that  these  centres  act  locallyy  their  apparent  function  being  to 
ncrease  local  blood  supply. 

There  is  in  some  degree  an  inverse  relation  between  the  vessels 
I  the  skin  and  those  of  deeper  parts  on  reflex  stimulation  of  vaso- 
Qotor  centres.  The  cutaneous  vessels  are  often  dilated  while  those 
►f  the  deeper  parts  are  constricted.  This  fact  makes  it  evident  that 
he  whole  surface  of  the  skin  may  flush  through  vasodilatation,  but 
he  blood  pressure  still  kept  up  by  vasoconstriction  in  the  deep- 
jing  tissues. 

Evaporation  is  increased  or  decreased  through  the  influence  of 
Y)  The  Sweat  Centre,  which  is  probably  located  in  the  medulla, 
vith  subsidiary  centres  located  along  the  spinal  cord. 

All  of  these  centres  (vasomotor  and  sweat)  are  stimulated  reflexly 
y  the  temperature  of  the  medium  which  comes  in  contact  with 
le  skin.  If  cold,  then  the  thermogenic  centre  is  stimulated  and  the 
letabolic  tissues  begin  a  more  active  kataboHsm.  Meanwhile  the 
eat  supply  is  conserved  by  a  withdrawal  of  the  blood  from  the 
eriphery — i.  e,,  vasoconstrictor  centre  stimulated.  Presently  the  heat 
ccumulates  through  conservation  and  production,  and  a  reaction 
*ts  in,  expressed  by  a  cutaneous  va^sodilatation.  The  blood  comes 
>  the  surface,  warms  the  skin,  and  by  exposure  falls  in  temperature 
i.the  normal. 

On  the  other  hand,  when  the  medium  is  too  hot,  the  sensory  nerves 
n  the  skin  carry  impulses  to  the  centres:  (i)  the  thermogenic  activity 
$  inhibited;  (ii)  the  sweat  centre  is  stimulated,  the  perspiration  pours 
►ut  ujx)n  the  skin,  and  its  evaporation  cools  the  body.  The  inter- 
action of  the  controlling  factors  keeps  the  temperature  within  about 
K5°  C.  of  the  average — i,  e.,  within  a  range  of  al)out  1°  C,  though 
inder  less  usual  circumstances  2°  C. 

Various  causes  may  operate  to  bring  al)Out  an  abnormally  high 
)r  low  temperature,  especially  the  former.  This  condition,  which 
s  a  pathologic  one,  is  a  symptom  incident  to  many  diseases  and 
N\\\  be  treated  in  full  under  Pathologj'. 
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PATHOLOGIC  PHYSIOLOGY  OF  METABOLISM. 

We  have  learned  that  metabolism  is  not  only  the  special  duty  of 
some  organs  such  as  the  liver,  pancreas,  etc.,  but  the  common  function 
of  each  and  every  cell  in  the  body.  Moreover,  we  are  convinced  of 
the  fact  that  there  exists  a  vicarious  or  compensatory  sugar,  protein, 
and  fat  metabolism,  making  up  for  shortcomings  in  the  normal  action 
of  tissues  or  organs  detailed  for  this  work.  In  the  third  place  we 
are  led  by  many  gaps  in  our  knowledge  concerning  the  basis  of 
nutrition  to  admit  that  we  must  await  further  clinical  and  experimental 
proofs  before  we  can  expect  fully  to  understand  the  mechanism  of 
these  morbid  alterations. 

From  the  above  it  is  evident  that  we  cannot,  as  yet,  and  in  justice 
to  the  facts  known,  associate  a  certain  morbid  condition  to  a  certain 
organ  or  to  certain  tissues.  In  other  words,  we  must  not  classify  as 
a  morbid,  clinical,  nosologic  entity  any  pathologic  disturbance 
of  metabolism.  Indeed,  we  are  not  as  yet  beyond  surmises  in  the 
pathogenesis  of  every  one  of  the  following  symptom-complexes. 
We  are,  however,  constrained,  for  the  sake  of  descriptive  exposition 
of  facts,  to  divide  metabolic  troubles  into  various  groups,  and,  further, 
to  subdivide  them  into  smaller  groups.  At  the  same  time  the  reader 
is  cautioned  to  take  a  broad  view  while  he  is  grouping  the  morbid 
phenomena  furnished  by  past  and  present  observers. 


A,  PATHOLOGIC  PHTSIOLOOT  OF  CARBOHYDRATE  V  :^ 

METABOLISM. 

This  implies  the  study  of  any  deviation  in  the  utilization  of  ingested 
carl)ohv(l rates  and  of  the  failure  of  the  system  to  furnish  the  required 
amount  of  sugar  from  other  food  sources  than  carbohydrates.  The 
former  condition  refers  more  to  the  intercurrent,  variously  caused 
glycosurias,  the  second  to  persistent  hyperglyctemia  with  hyper- 
glycosuria.  (ilycosuria,  dialx^tes  mellitus,  and  ol^esity  grow  upon  the 
same  pathogenic  trunk  whose  branches  pursue  their  individual 
directions  wliile  springing  from  the  same  soil.  None  of  these  three 
conditions  can  l>e  called  a  clinical  entity;  they  merge  into  one  another 
at  their  very  source. 


1.  OLTCOSURIA. 


\ 


\ 


Glycosuria  means  the  presence  of  an  abnormal  amount  of  sugar 
in  the  urine.  It  is  usually  accompanied  by  hyperglycannia  or  excessive 
quantity  of  sugar  in  the  blood.  The  metaboUc  organs,  including  the 
kidneys,  are  very  sensitive  toward  any  deviation  from  the  normal  of 
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the  sugar  equilibrium  of  the  blood.  The  renal  epithelium  cannot 
retain  over  2  per  cent,  of  sugar  in  the  blood  plasma. 

I.  Etiology  and  Pathogenesis. — Cjenerally  speaking  any  functional 
or  organic  disturbance  of  any  organ  or  tissue  contributing  toward 
carbohydrate  metabolism  may  produce  or  at  least  aggravate  glycosuria 

(a)  Physiologic  Glycosuria,  so-called,  occurs  in  certain  persons 
of  apparently  good  health  in  whom,  after  the  rapid  ingestion 
into  a  fasting  stomach  of  100  to  180  gm.  of  dextrose  or  of  100  to 
125  gm.  of  levulose,  is  usually  followed  within  one-half  to  three  hours 
by  the  appearance  of  the  same  ingested  variety  of  sugar  in  the  urine, 
which  in  quantity  never  exceeds  3  per  cent.,  and  stops  after  four  to  five 
hours'  duration.  "^Fhis  condition  is  in  my  opinion,  no  more  physio- 
logic than  the  so-called  physiologic  (liCube)  or  orthostatic  (T.inossier) 
or  cyclic  albuminuria.  (See  page  535.)  It  is  a  condition  of  sugar 
metabolism  on  the  border-line  of  the  normal  and  abnormal,  although 
Van  Noorden  and  others  consider  it  a  normal  occurrence  in  some 
persons.  The  cause  lies  in  the  functional  or  organic  impairment  of 
the  capacity  of  an  organ  or  tissue  to  utilize,  to  produce,  or  to 
dispose  of  sugars.  We  do  not  know  the  individual  share  taken  by 
those  structures  in  sugar  metabolism ;  conse(|uently  our  notions  about 
pathogenesis  must  be  correspondingly  fragmentary. 

(6)  Toxic  Glycosuria  after  morphine,  chloral,  cocaine,' and  other 
poisoning  or  after  ether  narcoses,  etc. 

(c)  Olycosnria  associated  with  lesions  of  the  nervous  system  in 
any  of  its  parts,  but  especially  of  injuries  to  the  structures  in 
the  floor  of  the  fourth  ventricle  and  of  the  basal  ganglia.  UTiis 
glycosuria  is  the  clinical  equivalent  of  the  sugar  puncture  of  Claude 
Bernard.  In  sympathetic  nerve  lesions  we  also  observe  it  very  often; 
consequently  we  find  it  clinically  in  the  following  morbid  conditions 
when  they  occur  in  persons  of  at  least  fair  nutrition: 

Cranial,  especially  basal  fractures;  apoplexy,  from  any  cause; 
lesions  of  the  cervical  sympathetic,  as  in  Graves'  disease;  organic 
brain  disease — e,  gr.,  paralytic  dementia,  paralysis  agitans,  etc. 

This  inherited  or  acquired  deficiency  of  sugar  metal)olism  appears 
at  such  occasions  only,  and  either  passes  off  rapidly  or  merges 
sensibly  or  unnoticeably  into  permanent  glycosuria.  The  proximity 
of  the  nervous  lesion  to  the  onset  of  glycosuria  has  given  rise  to  the 
view  that  this  variety  is  neurogenic  in  causation  (Van  Noorden,  etc.), 
but  this  is  not  sufficiently  proven.  A  latent  glycosuria  disposition 
was  prompted  to  life  by  the  entering  upon  the  scene  of  a  trauma  or 
other  pathologic  agency. 

(d)  Glycosuria  in  Hepatic  and  Pancreatic  Diseases. — l^he  synergy 
of  the  liver  and  pancreas  in  general  metalK)lisni  is  well  estab- 
li.shed  and  recent  observers  contend  from  clinical  experience  (F. 
C.  Ohlmacher)  and  from  animal  experiments  (SsolK)leff)  that  the 
pancreas  acts  vicariously  for  the  liver  in  the  metal K)lism  of  sugars. 
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Steinhaus  goes  so  far  as  to  describe  the  occurrence  of  glycosuria  as  a 
bond  between  the  pancreas  and  the  liver,  and  it  is  certainly  logical 
to  suspect  both  of  these  organs  in  a  given  case  of  glycosuria.  How- 
ever, statistics  show  a  greater  percentage  of  glycosuria  in  pancreatic 
diseases  than  in  hepatic  disorders,  occurring  in  about  25  per  cent  to 
35  per  cent,  of  all  Uver  diseases,  cirrhoses,  and  in  over  50  per  cent,  of 
all  pancreatic  diseases.  So-called  alimentary  glycosuria  is  a  sign 
of  hepatopancreatic  insuflBciency. 

(e)  Phloridzin  Olycosnria  experimentally  produced  in  dogs  (von 
Mering)  comes  nearer  to  diabetes  mellitus  than  any  other  glyco- 
suria. It  is  not  accompanied  by  hyperglycemia,  occurs  in  a  well-fed 
and  in  a  starving  animal,  and  it  demonstrates  that  the  kidneys  have 
a  certain  influence  in  the  production  of,  or  course  of,  glycosuria  and 
that  proteins  may  become  a  source  of  sugar  formation. 


^  ,    2.  DIABETES  MELLITUS. 
^'Ci 

This  morbid  condition  impUes  the  inability  on  the  part  of  the 
organism  to  husband  sugar.  It  is  a  glycosuria,  which  after  repeated 
careful  and  painstaking  examination  of  the  individual  aflPected  cannot 
be  ascribed  to  any  recognizable  cause.  The  disturbances  of  the 
carbohydrate  metabolism  are  profound  and  they  constitute  the  most 
striking  symptoms  of  diabetes;  but  the  percentage  of  the  sugar  in  the 
urine  is  no  guide  to  the  severity  of  the  case.  The  whole  organism 
suffers  from  probably  simultaneous  alterations  of  protein  metabolism, 
although  they  are  not  as  early  recognized.  At  the  present  time  we 
cannot  incriminate  one  single  organ  alone  with  the  causation  of 
essential  glycosuria  or  diabetes  mellitus.  Even  the  pancreas,  much 
as  we  have  learned  al)out  it  in  later  years,  is  not  to  be  considered  as 
the  exclusive  causal  factor.  There  are  many  cases  of  diabetes  in 
which  glycosuria  is  the  most  visible  and  the  first  noticed  symptom, 
yet  for  all  that,  neither  the  severest,  nor  first  existing  one  of  that 
remarkable  and  enigmatic  perversion  of  metabolism. 

Glycosuria  and  diabetes  mellitus  very  often  merge  imperceptibly 
into  one  another  and  we  recognize  them  only  by  the  ends  or  extremities. 
The  clinical  division  of  diabetes  mellitus  into  two  varieties,  light  and 
severe,  is  based  upon  the  fact  that  in  the  light  form  only  the  ingested 
sugar  app(»ars  in  the  urine,  while  in  the  severe  form  even  the  body 
sugars  or  those  formed  from  the  proteins  appear  in  the  urine.  These 
two  varieties  are  kept  separate  by  I^egen,  while  Van  Noorden  and 
Eschbach  consider  the  distribution  an  artificial  one. 

1.  Etiology  and  Predisposing  Causes. — (i)  Hereditary;  (n) 
race;  (iii)  mental  exertion,  strain,  overwork;  (iv)  mode  of  liring. 
epicurism;  (v)  trauma;  (vi)  neuropathic  instability;  (vii)  causes 
unknown  to  us. 
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2.  Pathogenesis. — Something  causing  a  disturbance  in  the  synergy 
of  the  carbohydrate  metabolic  tissues,  prompting  the  one  or  the  other 
to  a  diminution  or  cessation  in  its  function.  Neither  the  nervous 
system  nor  the  liver,  nor  even  the  pancreas,  has  the  monopoly  of 
producing  a  glycosuria.  They  may  act  vicariously  for  the  deficiency 
from  one  of  them  without  being  aware  of  it  until  an  external  event, 
such  as  psychic  or  physical  trauma  causes  an  expIosion-Uke  mani- 
festation of  the  hyperglycflemia  and  glycosuria. 

Physiologic  chemistry  would  present  to  us  three  ways  in  which 
hyperglycaemia  and  glycosuria  occur:*  (i)  Inadequate  distribution 
of  carbohydrates  in  the  body  (insuflBciency  of  the  glycogen  reservoirs 
liver  and  muscles,  (ii)  Diminution  in  the  property  residing  in  the 
tissues  of  seizing  upon  and  breaking  up  the  sugar  molecules,  (iii) 
Diminution  of  the  property  residing  in  certain  tissues  of  converting 
the  sugar  molecules  into  a  fat  molecule. 

3.  Pathologic  Physiology  of  the  Symptoms.— There  are  two 
groups  of  signs :  (i)  Those  arising  from  the  excessive  quantity  of  sugar 
in  the  blood,  (ii)  Those  arising  from  the  glycosuria — i.  e.,  the  symp- 
toms attributable  to  the  elimination  of  sugar  from  the  blood  current 
to  the  outer  world. 

(a)  To  the  Presence  of  Hyperglycamia  are  due  the  following 
symptoms: 

(a)  The  loss  of  heat-producing  material  to  the  system;  this  is  a 
very  important  defect. 

0?)  Alterations  in  the  tissues  caused  by  the  toxic  substances 
not  eliminated  or  generated  de  novo  in  the  metabolic  tissues 
OJ-oxybutyric,  diacetic  acid,  and  acetone  are  the  best  known  ones), 
(i)  Nervous  symptoms:  neuritis,  myelitis,  parencephalic  amblyopia, 
retinitis,  cataract,  (ii)  Psychic  symptoms:  dementia, senility,  aphasia, 
(m)  Cardiovascular  symptoms:  arteriosclerosis,  nephritis,  gangrene. 

(if)  Excessive  loss  of  nitrogen  manifested  by  abnormally  high 
nitrogen  content  in  the  urine. 

{(t)  Depression  of  the  resistance  to  bacterial  infection;  tuberculous 
pyogenic  germs  especially. 

(6)  Symptoms  Incidental  to  the  presence  of  sugar  in  the  renal 
secretion. 

(a)  Subtraction  of  water  from  the  tissues,  (i)  polyuria  and 
polikiuria;  (ii)  polydipsia. 

(/5)  ITiose  due  to  irritation  of  excretory  organs  or  tissues  working 
vicariously;  the  nephritis,  which  in  time  leads  to  albuminuria;  furun- 
culosis,  pruritus,  eczema,  keratosis,  etc.,  the  diabetics  of  Jeanselme. 

(f)  Abnormal  urinary  constituents:  Sugars,  Ammonia,  Acids. 

»  Van  Noorden.  Twentieth  Century  Practice,  p.  60. 
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^^^  3.  DIABETIC  CX)MA. 

This  peculiar  nervous  symptom-complex  occurs  in  neariy  all  cases 
of  diabetes,  and  in  the  majority  of  lethal  cases  usually  closes  the 
scene.  It  is  caused,  according  to  some  authors,  by  a  specific  toxic 
substance  (Frerichs)  unknown  as  yet,  and  appearing  in  the  blood 
of  diabetes  at  such  times  and  upon  unknown  provocations.  Others, 
however,  and  apparently  with  more  reason,  ascribe  the  coma  and 
the  poisoning  to  the  accumulation  of  ^9-oxybutyric,  diacetic  acids, 
and  other  allied  substances  which  are  excreted  in  a  quantity 
directly  proportionate  to  the  gra\ity  of  the  cases.  Experiments  show 
that  in  dogs  and  cats  a  typical  coma  diabeticum  can  be  produced 
by  the  injection  of  /5-oxylentyric  acid.  We  must,  however,  not  forget 
that  uraemia  may  be  associated  with  or  may  even  constitute  itself 
the  real  cause  of  the  comatose  state.  The  most  characteristic  sjiup- 
tom  of  diabetic  coma  is  the  dyspnoea  or  air  hunger  (Kussmaul),  a 
peculiar  form  of  breathing  due  to  the  stimulation  of  a  special  centre 
in  the  medulla  oblongata. 


^'^  B,  DISTURBANCES  OF  FAT  METABOLISM:   OBESITY. 

This  morbid  condition  forms  the  connecting  link  between  morbid 
alterations  of  sugar  metatelism  on  the  one  hand  and  that  of  fat  on 
the  other.  Indeed,  a  very  large  number  of  cases  of  obesity  merge 
into  dial)etes.  It  is  often  very  difficult  to  perceive  the  dividing  line 
between  true  obesity  and  portliness  in  stout  persons  who,  to  all 
appearance,  are  in  good  health. 

1.  Etiology. — There  are  many  causal  factors  entering  into  the 
production  of  obesity,  of  which  the  important  ones  are:  (i)  inherited 
tendency;  (ii)  faulty  nutriti(m;  (in)  phlegmatic,  easy-going, epicurean 
life;  fiv)  intercurrent  diseases  (chlorosis,  convalescence  from  severe 
diseases), /ogrf^/Zier  with  an  hereditary  predisposition;  (v)  alterations  in 
the  genital  glands  and  sexual  activity  also  in  predisposeil  persons 
(normal  and  premature  menopause;  alcoholism;  diseases  of  the 
ovaries,  etc.);  (vi)  certain  disturbances  of  the  thyroid  gland — r.j., 
cretinism. 

2.  Pathogenesis. — The  disposition  of  an  abnormal  amount  of  adi- 
pose substance  in  the  elective  fat-regions  of  the  body — e.  y.,  around  the 
heart  and  kidneys,  in  the  liver,  omentum,  and  panniculus  adiposusis 
the  expression  of  obesity.  The  adipose  material  is  mainly  derived 
from  ingested  carbohydrates,  but  also  from  ingested  fats  and  proteins. 
We  do  not  as  yet  know  what  agencies  preside  over  the  nietalx)lisra 
of  fat.  It  is  a  remarkable  fact  that  the  (juantity  of  fat  in  the  Ixxly 
may  vary  between  16  to  28  per  cent,  of  the  total  weight  in  normal 
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conditions,  while  the  nitrogen  and  the  water  percentage  vary  only 
slightly  over  or  under  14  per  cent,  and  69  per  cent,  respectively. 

3.  Pathologic  Physiology .  -Cases  of  obesity  are  best  divided  into 
three  groups:  (i)  plethoric  obesity;  (ii)  anaemic  obesity;  (iii) 
hydra^mic  obesity. 

a.  Plethoric  Obesity. 

Plethoric  obesity  is  of  congenital,  hereditary  origin,  and  the  indi- 
viduals afflicted  may  feel  perfectly  healthy  as  long  as  they  live  accord- 
ing to  good  hygienic  precepts  and  until  old  age  sets  in.  They  are 
mentally  and  physically  very  active,  although  they  walk  all  this  time 
on  the  dividing  line  between  health  and  ill  health,  and  in  the  majority 
of  cases  environments  lead  them  to  commit  imprudences,  followed 
by  the  usual  symptoms  of  ol>esity,  which  are  disturbances  in  the 
economy  from  mechanical  impediment  to  the  proper  function  of 
locomotion,  cardiac  circulation,  bodily  and  mental  exercise,  liver 
metabolism,  proper  digestion.  In  these  cases  we  have  usually  a 
polycytha?mic  condition  of  the  blood. 

6.  Anaemic  Obesity. 

Anaemic  obesity  is  pathologic  from  its  onset.  It  seems  usually  to 
x?cur  in  conditions  of  malnutrition  from  such  causes  as  chlorosis, 
menopause,  castration,  alcoholism,  lactation,  etc.  Here  we  have  a 
^hloraniemic  condition  of  the  blood  (Hayem-Malassez).  The  hered- 
itary factor  does  not  play  here  the  same  important  role  as  in  the 
prece<ling  group.  It  lasts  either  a  numlwr  of  years,  then  recedes,  or 
it  continues,  and  with  the  plethoric  variety  it  merges  into  hydrcemic 
oljesity. 

c.  Hydremic  Obesity. 

Hvdrcemic  ol)esitv  derives  its  name  from  the  abnoimal  amount  of 
water  in  the  tissue  due  to  deficient  heart  action  on  the  one  hand 
and  to  diminished  activity  on  the  other.  It  is  veiy  often  associated 
with  morbid  conditions,  causing  more  or  less  extensive  crdema  of 
the  dependent  parts  of  the  lx)dy  as  well  as  of  the  larger  serous  cavities. 

C,  PATHOLOGIG  PHYSIOLOOT  OF  MITROOEMOUS  METABOLISM. 

In  this  chapter  we  will  briefly  review  our  knowledge  upon  the 
disturbances  of  metal)olism  accompanying  or  ensuing  upon  perversion 
of  one  or  more  of  the  functions  of  the  metabolic  organs,  such  as  the 
liver  and  the  pancreas.  But  we  regard  it  as  a  p(*(lagogic  impropriety 
and  as  a  scientifically  inaccurate  systemization  to  inculpate  the  liver 
alone  in  hepatic  cirrhosis  or  the  pancreas  solely  in  glycosuria  and 
diabetes  mellitus.      The  above-named  morbid  conditions  are  but 
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links  in  the  chain  of  pathologic  events  which,  perchance,  may  be 
localized  in  one  or  two  organs,  yet  never  exists  isolated— i.  e., 
without  interfering  with  the  rest  of  the  metabolic  processes. 


V      1.  HEPATIC  INSUFFIGIENOY. 

By  this  we  understand  the  failure  of  one  or  more  of  the  hepatic 
functions  to  take  their  normal  share  in  metabolism.  It  is  a  compre- 
hensive name  and  well  fitted  to  the  multiform  duties  of  the  liver 
which,  since  it  is  physiologically  called  upon  to  produce  a  variety  of 
metabolic  changes,  must  also  manifest  its  morbid  alterations  in 
various  ways.  Biliary  and  glycogenic  disturbances  are  the  handles 
by  means  of  which  we  have  grasped  the  great  crucible  of  the  economy 
— ^the  liver.  But  in  later  years  we  have  learned  to  use  additional 
means  of  inquiry  into  the  mechanism  of  the  various  hepatic  functions. 
Clinical  and  experimental  observers  have  made  efforts  toward  the 
better  understanding  of  the  multiplicity  of  the  liver  function.  As 
a  result  we  are  able  to  present  the  inadequacy  of  the  liver  to  physio- 
logic demands  under  the  head  of  hepatic  insufficiency.  This  may 
manifest  itself  in  the  following  ways: 

a.  Alimentary  Olycosuria. 

Alimentary  glycosuria,  a  failure  of  the  liver  to  hold  its  sugar, 
was  already  foreseen  by  Claude  Bernard.  This  intolerance  is  greater 
toward  levulose  than  toward  glucose.^  It  occurs  in  about  'M  per 
cent,  of  all  liver  diseases;  but  we  do  not  know  in  how  many  of 
these  cases  the  pancreas  also  is  involved.  The  power  of  the  liver 
to  utilize  sugars  varies  considerably  normally,  but  if  glycosuria 
occurs  after  150  to  180  gm.  of  dextrose  and  after  100  to  125  gm.  of 
levulose,  we  are  justified  in  assuming  a  faulty  ghcogenic  function 
of  the  liver. 

b,  Urobilinuria. 

Urobilinuria  is  an  important  evidence  of  liver  disturbance  as  it 
expresses  the  failure  of  the  chromopoietic  function,  as  a  consequence 
of  which  pigments  from  the  normal  or  excessive  haemoh^ic  processes 
are  defectively  eliminated.^  Hayem  calls  urobilin  the  pigment  of 
the  diseased  liver  (Gill)ert-rarnot). 

c,  Hypoazoturia  with  Ammoniuria. 

This  expresses  the  uropoietic  disturbances  of  the  Uver,  and  shows 
a  permanent  diminution  in  tlie  urea  output,  which  is  nearly  always 

>  H.  Strausa,  Charlto-Annalen,  1903,  vol.  xxvlii  p.  170. 

2  Leube,  Klinische  Vorlesung,  JuUusspital,  Wi\rzburg,  April  21,  1903. 
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ficcompaniecl  by  excessive  ammoniuria.  The  liver  is  unable  to 
katabolize  proteins  to  the  urea  level  and  allocs  the  NH^  radicals 
to  be  excreted  unchanged.  The  less  urea  excreted,  the  more  NH^, 
as  a  rule,  appears  in  the  urine.  As  uropoiesis  is  a  specific  hepatic 
function,  its  permanent  disturbance  is  one  of  the  test  signs  of  liver 
insuflRciency.  The  exogenic  part  of  uric  acid  derived  from  the  purin 
bases  as  well  as  the  katabolism  of  NH^  is  diminished. 

d.  Cyclic  Elimination  of  Crystalloids. 

Cyclic  elimination  of  crystalloids,  such  as  chlorides  and  methylene 
blue.  ITiis  is  the  most  constant  urochemical  evidence  of  hepatic 
insufficiency,  and  it  is  in  direct  relation  to  the  gravity  of  the  liver 
disease.^  The  cyclic  elimination  of  these  substances  is  probably  due 
to  the  cyclic  stimulation  of  a  nervous  centre  from  the  simultaneous 
accumulation  in  the  system  of  some  substance  or  substances  nor- 
mally rendered  harmless  by  the  action  of  the  liver. 

e.  Disturbances  of  the  Biliary  Function. 

It  is  evident  that  the  elalx)ration  of  bile  should  also  suffer  in  pro- 
portion to  the  impairment  of  other  hepatic  functions.  And  in  fact 
we  have  in  such  persons  an  icteroid  skin,  seborrhoeic  condition  of 
the  cutaneous  tissues,  frequent  headaches,  and  frequently  abnormal 
accentuation  of  the  normal  variations  of  psychic  life — e.  </.,  depres- 
sion, melancholia,  etc. 

/.  Increased  Toxicity  of  the  Urine. 

ITie  coefficient  of  toxicity  of  the  urine,  established  by  Bouchard, 
is  very  frequently  increased  owing  to  the  retention  or  the  elaboration 
of  noxious  substances  of  the  liver. 

French  and  Italian  investigators  are  firm  Ix^lievers  in  the  reality 
of  this  urochemical  evidence,  while  most  of  the  Gt»rmaiis  and  Anieri- 
c^aiLS  flatly  deny  it.  English  observers  are  fairly  evenly  divided  alx>ut 
this  matter. 

g.  Digestive  Disturbances. 

Digestive  disturbances,  the  effects  of  continued  j)erversion  of  one 
or  more  of  the  liver  functions,  must,  of  course,  react  upon  the 
digestive  system.  The  gastnnntestinal  epithelium  suffers  by  sym- 
pathy, and  secondarily  during  every  profound  metal)olic  deviation 
of  the  liver.  And  in  fact  the  dyspeptic  symptoms  usher  in  the 
irretrievably  progressing  hepatic  diseases,  such  as  fatty  degeneration 

I  Achard-Castalgue,  Epreuve  du  blcude  methylene,  etc.,  Paris,  1900. 
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and  the  cirrhoses.  This  ushering  in  or  foreshadowing  stage  Ls 
called  hepatism,  or  the  preliminary  stage  of  liver  diseases.  (Gilbert- 
Camot.) 

Pancreatic  and  intestinal  digestive  secretions  suffer  more  or  less 
in  all  cases  of  hepatic  insufficiency. 


V^       2.  PANGREATIO  INSUFFIOIENOY. 

Outside  of  fat  necrosis,  which  is  a  rapid  autolysis  of  the  organ 
and  of  the  mesenteric  peritoneal  fat,  with  sudden  onset  and  of  unknown 
nature,  there  is  no  disease  which  is  distinctly  pancreatic.  Indeed, 
R.  H.  Fitz  believes  that  there  is  no  pathognomonic  symptom  of 
pancreatic  disturbances.  In  case  of  glycosuria  we  can  strongly 
suspect  the  pancreas,  but  never  inculpate  it  alone.  Its  special  and 
specific  glycolytic  ferment  may  be  aired  in  some  way  without  any 
clinical  evidence  of  it.  This  organ  contributes  toward  the  metabolism 
of  the  three  food  elements,  and  in  addition  furnishes  an  internal 
glycolytic  as  well  as  a  rennin  ferment.  We  do  not  as  yet  possess  any 
definite  urochemical,  heemochemical  or  histochemical  means  to  make 
a  sure,  clinical  ante-mortem  diagnosis  of  pancreatic  diseases,  but  the 
following  symptoms  should  cause  us  to  suspect  the  presence  of  some 
kind  of  morbid  alteration  of  the  organ. 

(i)  Finding  of  ingested  muscle  fibres  in  the  constipated  stool  of  an 
individual  who  ingested  lean  meat.  This  indicates  deficiency  of  the 
tryi)sin  action.    (Fitz.) 

(u)  Failure  to  find  carbolic  acid  in  the  urine  of  an  individual  to 
whom  salol  was  given  per  mouth,  this  substance  as  we  know  being 
decomposed  (35  per  cent.)  into  carbolic  acid  and  (65  per  cent.)  salicylic 
acid,  which  appear  as  such  in  the  urine.  The  splitting-off  action 
is  the  function  of  the  pancreas. 

(hi)  The  presence  of  glycerin  in  the  urine  after  ingestion  of  fats, 
which  also  occurs  during  deficient  pancreatic  action.     (Canmiidge.) 


3.   ICTERUS. 


niis  is  the  most  striking  and,  clinically,  the  most  important 
disturbance  of  the  liver.  In  fact,  the  morbid  alterations  of  the  bile 
functions  of  the  liver  have  up  to  now  served  as  a  basis  for  the  classifi- 
cation of  hepatic  disorders.  This  function,  unlike  the  glycometabolic 
one,  varies  within  wide  limits — e,  (/.,  the  quantity  of  bile  varies  from 
5  to  150()  c.c.  per  day.  Bile  is  a  complex  substam*e  (bile  acids,  bile 
pigments,  and  cholesterin),  a  product  of  secretion  of  elevation.  Conse- 
(juently  we  find  icterus  a  complex  phenomenon,  difficult |^of  inter- 
pretation in  regard  to  causation,  pathogenesis,  and  symptomatology* 
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Experimental  knowledge  has  too  limited  a  scope,  and  it  is  here  where 
clinicians  have  furnished  us  the  greater  number  of  facts. 

1.  Definition. — ^I'he  term  icterus  applies  to  a  discoloration  of  the 
skin  of  a  yellow  or  yellowish  hue.  It  does  not  imply  what  the  kind 
of  coloring  matter  is;  it  states  merely  a  phenomenon  without  reference 
to  its  origin  or  variety. 

2.  Pathogenesis. — Icterus  is  at  bottom  a  diversion  of  the  bile 
into  the  lymphatic  or  venous  channels  instead  of  the  normal  discharge 
into  the  intracellular  and  intercellular  biliary  capillaries.  The  exact 
:^onditions  imder  which  this  occurs  are  not  kno\^Ti  yet,  but  we  have  a 
lumber  of  theories  for  the  elucidation  of  the  production  of  icterus. 

(a)  Parapedesis  of  the  bile  (Minkowski),  the  biliary  substances 
massing  through  the  wall  of  the  bile  capillaries  into  the  lymphatic 
»r  venous  channels  owing  to  chemical  alterations  in  composition. 

(/?)  Mechanical  Obstruction  in  the  biliary  channels  in  any  por- 
ion  of  their  course,  increase  of  pressure  in  the  bile  capillaries,  with 
ubsequent  outpouring  of  bile  into  the  vascular  channels. 

(y)  Disturbance  of  the  Chromopoietic  functions  of  the  liver  cells 
Qay  be  due  to  a  variety  of  causes — i.  e.,  excessive  amount  of  blood 
agments  to  be  disposed  of,  diminution  in  the  chromopoietic  power 
f  the  cells  from  any  cause. 

In  view  of  the  diversity  of  pathogenic  conditions  we  can  easily 
ee  why  there  are  several  varieties  of  icterus,  and  yet  notwithstanding 
he  variable  causations  the  resulting  symptoms  are  practically  of  the 
ame  character  in  every  case. 

(a)  Obstructive  or  Mechanical  Icterus. — Obstructive  or  mec*hanical 
ctenis,  the  most  frequently  observed;  caused  by  an  obstacle  to  the 
mtflow  of  a  normally  or  abnormally  elaborated  bile.  Such  obstacles 
nay  be  or  may  not  be  the  result  (i)  of  inflammation,  cholangitis, 
catarrh  of  common  duct,  spasm  of  large  bile  channels,  etc.,  or  (ii) 
he  result  of  simple  obstruction  (gallstones,  biliary  concretions, 
dnking  of  the  large  ducts,  clogging  by  intestinal  worms  and  obstruc- 
ion  at  or  near  the  papilla  of  Vater) ;  (iii)  spasm  of  the  common  duct, 
is  in  emotional  ictenis — e,  j/.,  after  a  debauch. 

(6)  Ictenis  trom  Polychromia. — Icterus  from  ix)lychromia  or  exces- 
rive  accumulation  of  pigmentary  substances  resulting  from  the  break- 
ing down  of  htemoglobin  and  normally  eliminated  in  the  bile  by  way 
rf  the  intestines.  We  meet  with  such  conditions  in  pernicious  amemia, 
malarial  troubles  or  paludism,  yellow  fever,  and  in  some  cases  of 
jepticopyaemia,  etc.  (Leube).  It  is,  as  a  rule,  synonymous  with  the 
K>-€alled  toxic  idenuty  caused  by  the  ingestion  of  poisonous  substances 
3f  animal  or  vegetable  origin,  capable  of  setting  frc»e  by  its  noxious 
iction  a  large  amount  of  pigment,  which  is,  of  course,  carried  by  the 
phagocytes  and  other  impromptu  scavenger  cells  to  the  liver  for 
further  modification  and  elimination.  This  occurs  in  snake  bites, 
chloral,  phthalin,  pyrogallic  acid,  mushroom  ix)isoning,  etc. 
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(c)  IcteroB  Neonatomm. — ^Icterus  neonatorum,  occurring  in  over 
75  per  cent,  of  all  newborn  soon  after  birth,  lasting  three  to  seven 
days,  and  without  any  noticeable  ill-effects  in  the  majority  of  cases. 
It  is  due  (i)  to  the  fact  that  a  part  of  the  portal  blood  passes  around 
the  liver  and  joins  the  vena  cava  directly  by  way  of  the  ductus  Arantii. 
The  blood  thus  escaping  hepatic  purification  is  highly  charged 
with  biliary  matter  of  which  the  meconium  contains  1  per  cent  and 
contributes  to  that  striking  yellowish  discoloration  of  the  infant,  (n) 
There  is  very  active  brealang  down  of  nucleated  red  blood  corpuscles 
during  the  first  days  of  life  which  throws  an  excessive  amount  of 
pigments  upon  the  liver,  which  organ  is  unable  to  excrete  it  with 
sufficient  rapidity. 

(d)  Policholic  Icterus. — Icterus  from  policholic  (the  family  cholsmia 
of  Gilbert)  occurs  in  some  families  of  European  and  mixed  liBtin 
races,  also  Philipinos  (Severino).  These  individuals  are  in  good 
health  otherwise,  although  they  constantly  show  bile  staining  of  the 
external  surfaces,  and  the  presence  of  biliary  substances  in  the  urine. 
PolichoUc  icterus  undoubtedly  exists,  although  its  pathogenesis  is 
not  clear. 

{e)  Urobilin  Ictems. — Urobilin  icterus  (Gubler,  Dreyfuss-Brissac, 
Stadelmann)  is  occasionally  found  in  persons  affected  with  sonie 
obscure  metabolic  disease.  It  may  exist  and  last  a  long  time  by 
itself,  and  as  yet  is  devoid  of  a  satisfactory  pathologic  interpretation. 
Of  whatever  significance  it  may  be, — ^it  is  the  expression  of  disturbed 
chromogenic  function  of  the  liver.  In  many  cases  a  focus  of  blood 
extravasation  has  been  located  and  then  a  digestion  or  katabolism 
of  red  blood  corpuscles  assumed  as  an  explanation  of  the  presence 
in  the  blood  and  urine  of  an  excessive  amount  of  urobilin. 

(/)  Infectious  Ictems. — Infectious  icterus,  or  Weil's  disease,  is 
caused  by  some  unknown  pathogenic  organism,  and  the  icterus  which 
is  one  of  the  main  symptoms  can  as  yet  not  be  explained  by  the 
theories  and  facts  at  our  present  command.  Strictly  taken,  it  is  an 
infectious  disease  with  a  selective  morbid  action  upon  the  liver  and 
particularly  upon  its  chromogenic  functions. 


4.  CHOLELITHIASIS. 

lliis  term  implies  a  morbid  state  of  metabolism  in  general  and  of 
the  biliary  organs  in  particular,  during  which  there  is  a  formation  of 
concretions  within  the  bile  passages.  These  concretions  may  originate 
or  keep  incretusing  in  any  position  of  the  biliary  apparatus.  Conse- 
quently the  systemic  and  local  disturbances  will  greatly  vary  with 
the  location  as  well  as  the  size  and  rapidity  of  their  formation.  Chole- 
lithiasis is  a  very  frequent  condition  in  the  human  being,  although 
in  the  majority  of  cases  we  are  unable  to  diagnosticate  it  clinically, 
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because,  Brst,  there  are  no  symptoms  whatever,  or,  secondly,  any  signs 
due  to  it  are  so  slight,  or  so  masked  by  other  ailments  (dyspepsia,  mov- 
able kidney,  etc.),  that  it  is  very  difficult  to  recognize  them. 

1.  Etiology  and  Pathogenesis. — ^I'hese  causative  factors  at  work 
are  multiple  and  their  inodtLS  operandi  equally  variable.  The  con- 
sensus of  view  of  modem  workers,  however,  is  about  the  following: 
(i)  A  diseased  condition  of  the  mucous  membrane  of  the  gall-bladder 
and  of  the  biliary  passages,  leading  to  an  increased  formation  of 
cholesterin  and  of  calcium  compounds,  is  the  primary  cause  of  gall- 
stone formation.  Stasis  of  the  bile  ensues,  accompanied  by  greater 
viscidity  and  a  tendency  to  form  precipitates  of  bile  pigment,  calcium, 
and  cholesterin.  (ii)  It  is,  moreover,  very  probable  that  a  special, 
as  yet  ill-known  hereditary  or  acquired  disposition  toward  disturb- 
ances of  nitrogenous  metaboUsm  is  at  the  bottom  of  choleUthiasis. 
Diathetic  disorders,  such  as  gout,  obesity,  etc.,  are  very  often  accom- 
panied by  choleUthiasis  or  the  latter  may  be  their  sole  substitute. 

One  by  one  the  various  following  factors,  after  a  transitory  reign 
of  importance,  have  receded  to  their  natural  work  of  predisposing 
or  contributing  causes:  (i)  Infection,  particularly  by  organism  of 
the  bacilli  coli  groups,  and  of  the  bacillus  of  Eberth.  (ii)  Sedentary 
halnts,  epicurean  life,  faulty  diet,  (iii)  Gastroduodenal  catarrh, 
(iv)  Intra-abdominal  diseases,  especially  of  the  right  side  (appen- 
dicitis, movable  kidney,  etc.). 

2.  Pathologic  Physiology — ^The  symptoms  begin  to  manifest 
themselves  in  a  predisposed  indi\adual  with  the  advent  of  more  or 
less  obstruction  to  the  flow  of  bile,  or,  oftener  still,  with  the  accession 
of  some  infection.  Again,  some  great  change  in  the  arrangement  of 
the  abdominal  pressure — e,  g,,  operations,  birth  of  a  child,  etc. — may 
wake  the  latent  gallstones  into  activity. 

As  said  before,  we  have  in  icterus  a  complex  intoxication  constituted : 
(i)  by  the  circulation  in  the  blood  of  bile  salts  and  of  bile  pigments 
(headaches,  bradycardia,  diminished  reflexes,  ocular  disturbances, 
etc.).  (ii)  By  the  effects  of  toxic  substances  normally  eliminated 
with  the  bile,  or  elaborated  de  novo  by  the  morbidly  altered  hepatic 
cells  (pruritus,  furunculosis,  deficient  coagulation  of  the  blood,  even 
haemolysis  tohsemoglobinuria).  (iii)  By  the  results  of  the  more  or 
less  complete  absence  of  bile  from  the  intestines  (loss  of  ingested 
fats,  20  to  35  per  cent.),  increased  putrefaction,  diminished  peristalsis 
or  constipation,  (iv)  The  presence  and  character  of  coexisting 
infection  or  of  an  intoxication  of  some  sort — e,  gr.,  uraemia — cer- 
tainly influences  more  or  less  profoundly  the  physiognomy  of  a  given 
case  of  icterus,  inasmuch  as  the  resulting  toxaemia  would  aggravate 
or  even  overshadow  the  other  symptoms. 
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5.  (K)UT. 

Gout  cannot  be  deiSned  as  a  disease,  but  only  as  one  of  the  manifes- 
tations of  a  peculiar  morbid  constitution  or  diathesis.  It  is  not  a 
simple  entity,  but  a  local  disorder  and  a  general  perversion  of  met- 
abolism and  of  excretion.  We  are  accustomed  to  consider  it  as  a 
morbid  syndrome  during  which  there  are  certain  important,  probably 
characteristic,  yet  ill-known  variations  of  the  uric  acid  in  the  blood 
as  well  as  in  the  urine.  These  alterations  may,  or  may  not,  be 
accompanied  by  subjective  symptoms;  in  other  words,  gout  may 
l^e  latent. 

1.  Pathogenesis. — The  underlying  directly  causative  factors  of 
gout  are  unknown,  and  it  is  perhaps  more  profitable  not  to  confine 
all  our  attention  to  their  elucidation.  It  is  necessary  to  await  further 
discoveries  in  the  domain  of  protein  metabolism,  especially  in  the 
relation  of  uric  acid  or  allied  bodies,  to  explain  the  acute  or  chronic 
manifestation  of  what  we  call  gout.  The  direct  causes,  thus,  being 
so  well  hidden  from  us  it  is  evident  that  their  mode  of  action  can 
only  be  surmised.  Accumulation  of  uric  acid  and  allied  bodies  in 
the  tissues  is  the  probable  cause  of  gouty  outbreaks  and  not  excessive 
formation,  as  was  formerly  believed. 

2.  Etiology. — If  the  pathogenesis  of  gout  is  so » cloudy  as  yet, 
there  are  certain  conditions  or  influences  favoring  the  production 
of  this  diathetic  disorder.  They  are  (i)  heredity:  gout  is  found  in  the 
same  family  for  generations,  usually  in  the  articular  forms,  but 
occasionally  in  a  \dsceral  form;  (ii)  chmate:  the  temperate  zones 
favor  its  production;  (iii)  sex:  males  predominate;  (iv)  habits  and 
diet:  a  very  important  predisposing  cause,  a  sedentary  life  with 
epicurean  habits  in  a  phlegmatic  gentleman,  is  the  best  soil  for  gout; 
(v)  age:  gout  is  a  disease  of  adult  years;  (vi)  season:  it  manifests  it? 
action  mainly  in  fall  or  t^pring;  (vii)  presence  of  poison  or  toxins  in 
the  body — e,  g.,  of  lead  or  other  heavy  metals,  of  alcoholism,  etc., 
facilitate  the  onset  and  progress  of  gout. 

3.  Pathologic  Physiology.— In  the  study  of  the  symptoms  of  gout 
we  must  consider  four  groups  of  facts:  (i)  The  gouty,  "lithamc," 
diathesis,  with  its  visceral  and  constitutional  affiliations.  Thus,  we 
must  ascertain  whether  or  not  this  gouty  disposition  has  existed  or 
exists  in  the  individual  under  some  other  form — e,  gr.,  migraine, 
asthma,  some  forms  of  arthritis,  cholelithiasis,  etc.  For,  indeed, 
the  clinical  expressions  of  gout  may  interchange  and  may  also  be 
associated,  (ii)  The  chemistry  of  the  blood  and  of  the  urine;  outside 
of  the  excessive  acidity  of  the  urine,  and  presence  of  an  abnormal 
amount  of  uric  acid,  all  other  findings  are  too  variable  to  allow  of 
any  final  conclusions,  (in)  The  local  effects  of  the  precipitation  of 
urates  (sodium  quadri-u rates  of  Roberts)  around  the  joints,  as  well 
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s  in  other  localities — €,g,,  muscles,  liver,  connective  tissues,  etc. 
ery  often  the  manifestations  of  gout  are  articular  only,  or  mainly 
1  young,  robust,  sthenic  individuals,  while  later  on  in  life  the  viscera 
re  in  the  lead  of  morbid  symptoms,  (iv)  The  association  of  other 
>matic  or  nervous  disorders — e.  gr.,  nephritis,  neurasthenia,  obesity, 
enolithiasis,  etc. — will  modify  the  physiognomy  of  gout  in  its  acute 
s  well  as  chronic,  in  its  latent  as  well  as  in  its  manifest  varieties. 
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EXCRETION. 
INTRODUCTION.    \\  ^3 
1.  DEFINITIONS. 

Excretion. — "The  separation  of  waste  products  of  an  organ  or 
of  the  body  as  a  whole,  out  of  the  blood.  The  material  so  excreted." 
(Gould.)  G)mparison  of  this  definition  ^dth  that  of  secretion  (p.  2*^4) 
shows  that  excretion  is  looked  upon  as  a  special  form  of  secretion, 
the  distinction  being  that  secretion  is  elaboration  of  any  product 
from  constituents  of  blood  or  lymph,  while  excretion  is  the  separaim 
of  waste  products  from  the  blood  or  lymph. 

Egestion. — "The  expulsion  of  excrements  or  of  excretion."  (Gould.) 

Egesta.— "(pi.  of  egestum,  fecal  matter.)  The  discharges  of  the 
bowels  or  other  emunctory  organs.**     (Gould). 

Let  us  make  a  specific  application  of  these  definitions.  The  parietal 
cells  of  the  gastric  glands  take  up  NaCl  and  HjCOj,  or  CaQ,  and 
Na2HPO^  from  the  blood,  where  they  form  normal  constituents;  and 
these  active  cells  elaborate  new  products — ^i.  e.,  they  form  a  secretion. 

An  excretion  differs  from  a  typical  secretion  in  that  the  former 
represents  waste  products  which  escape,  from  the  place  where  the 
katabolism  occurred,  into  the  lymph  or  blood  and  so  circulate  through 
the  system  until  brought  to  some  organ  whose  active  cells  have  the 
power  to  select  and  separate  these  waste  prodiuds  ovi  of  the  blood. 
For  example,  urea  is  secreted  (internal  secretion)  by  the  liver,  but 
excreted  by  the  cells  of  the  convoluted  tubules  of  the  kidney. 

The  term  egestion  is  a  general  one  and  includes  all  of  those  acts 
which  have  as  their  end  the  throwing  out  of  excretions  especMy, 
though  the  term  may,  not  improperly,  be  used  to  include  not  only 
the  throwing  out  of  the  excreta,  but  also  of  matter  which  has  never 
formed  a  part  of  the  l)ody — e.  g.,  the  undigested  portion  of  food;  and 
also  the  unabsorbi^d  part  of  the  inspired  air — the  nitrogen. 

Egestion,  then,  is  represented  by  the  following  special  acts:  (1) 
Defecation,  (2)  Micturition,  (3)  Perspiration,  (4)  Expiration.    The 
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natter  thrown  out  of  the  organisms  by  these  acts  may  be  called, 
oUectively,  egesta;  while  the  term  excreta  may  be  used  only  for 
hai  'part  of  the  egesta  which  was  at  one  time  a  constituent  of  the 
Kxly  and  has  been  reduced  to  a  condition  useless  to  the  organism 
tnd  has  been  excreted  by  the  lungs,  the  skin,  the  kidneys,  or  the  liver. 


2.  GENERAL  CONSIDERATIONS.  \\ 


•^ 


r/ 


We  have  now  followed  the  process  of  nutrition  to  its  last  stage, 
—ridding  the  body  of  the  waste  products.  We  have  studied  the 
>rocess  and  products  of  digestion  and  have  enumerated  the  factors 
nvolved  in  the  absorption  of  digested  foods;  we  have  studied 
examples  of  the  anabolic  changes  which  occur  during  the  assim- 
lation  of  the  absorbed  matter,  and  of  the  katabolic  changes  which 
KTCur  incident  to  the  activity  of  the  tissues.  We  have  noted  from 
iuie  to  time  the  formation  of  some  body  useless  to  the  animal  organism, 
^'requently,  indeed,  these  bodies  are  worse  than  useless — ^they  may 
)e  poisonous.  In  either  case  it  is  necessary  that  the  organism  be 
>rovided  with  some  means  of  throwing  off  the  useless  or  poisonous 
natter.  But  what  is  the  character  of  this  waste  matter  as  we  have 
ip  to  this  point  noted  it?  1st.  There  was  a  gas — CO^ — the  product 
>f  the  oxidation  of  the  tissues.  2d.  There  was  water,  in  part  the 
mchanged  water  of  imbibition,  in  part  the  product  of  oxidation  of 
he  hydrogen  of  the  tissues.  3d.  There  was  solid  material  composed 
rf:  (i)  certain  organic  bodies — urea,  hippuric  acid;  (ii)  inorganic 
alts — NaCl,  HKSO^,  etc.  If  one  were  to  compare  this  list  of  material 
'oiUgo"  with  the  list  of  material  **  income** — the  foods — one  would 
lote  o  remarkable  parallelism  in  the  general  character  of  the  matter — 
.  e.f  both  lists  contain  a  gas,  water,  and  solids  composed  of  organic 
rnd  inorganic  matter,  the  organic  matter  containing  nitrogenous  and 
ion-nitrogenous  bodies  and  the  inorganic  matter  containing  a  long 
ist  of  chlorides,  phosphates,  and  sulphates.  BtU  the  parallelism 
Hinishes  as  soon  as  one  glances  at  the  specific  character  of  the  '^income** 
ind  *'oiUgo"  mntter:  the  ** income"  represents  matter  of  high  poten- 
iality,  while  the  "outgo"  represents  matter  completely,  or  almost 
completely,  depleted  of  its  energy.  The  method  of  liberation  and 
expenditure  of  this  energy  has  been  discussed. 

ITie  only  situations  where  the  waste  products  could  be  thrown 
)ut  of  the  system  are  the  boundary  surfaces.  These  boundary 
mrfaees  include  the  skin  and  all  of  the  mucous  surfaces,  including 
;he  genitourinary  epithelium.  Of  all  these  possible  situations 
certain  locations  are  specialized  for  typical  secretion  only — e.  jr., 
^nital,  conjunctival  epithelium;  certain  locations  are  specialized 
ror  absorption  only  (villi  of  small  intestines);  certain  locations 
ire  devoted  in  part  to  secretion  and  in  part  to  absorption  (epithe- 
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Hum  of  stomach   and  large  iotestine).     The  only  portion  of  thr 
boundary   epithelium   which   is  specialized   exclud^'ely  for  eicrr- 
tion    is    the    renai    epUMittK. 
*'">■  i!02  The   pulmonary  epidielium  w 

nearly  as  much  devoted  to  ab- 
sorption as  to  excretion.  IV 
general  cutaneous  surface  is, 
first  of  all,  an  organ  of  'pm\xt- 
tion;  secondarily,  an  organ  of 
thermolysis  where  the  water 
secreted  by  tfie  sweat  glands 
serves  a  specific  purpose.  Quite 
subordinate  to  the  two  func- 
tions mentioned  above,  the  skin 
b  an  organ  of  excretion  sup- 
plementing the  work  of  the  kid- 
neys in  the  excretion  of  water. 
Of  the  epithelium  lining  the 
alimentary  canal  it  cannot  be 
said  that  it  is  excretory'  in  nit 
sense.  A  portion  of  the  secre- 
tion (mucus,  etc.)  passes  out  d 
the  canal  with  the  feces,  but  it 
is  secreted  for  a  particular  local 
function  and  is  not  separeted 
out  of  the  blood  to  rid  the  si's- 
tem  of  it.  The  hepatic  epithe- 
lium, however,  forms  sever»l 
excreta,  among  which  are  urea, 
which  is  excreted  by  the  kidney, 
and  bile  pigments,  which  are 
excreted  by  the  liver  itself. 

To  summarize:  excretion 
takes  place  at  four  more  or  less 
specialized  parts  of  the  bound- 
ary epithelium:  (i)  the  rmal 
epUkelium,  (ii)  the  pulmonarg 
epithelium,  (in)  the  general  aiia- 
neous  surface,  (iv)  the  hepatic 
epithelium. 
'llie  physiologically  important 
features  of  the  structure  of  the  lungs  and  of  the  liver  have  been  suni- 
uiari»>d  under  respiration  and  metabolism.  The  structure  of  the 
skill  will  l>e  jjiveii  under  the  subject  External  Relations.  ITie  only 
organ  solely  excn-tory  in  its  function  is  the  kidney,  whose  anatomy 
may  \w  here  summarized. 


Viucular  niipply  o!  kidney.  Dl^cmnmat 
1,  tMrt  [if  &nertal  nrcli ;  b.  inlerlobiilur  urter 
r,  iiUiiiieriiliia :  -I,  ett'L-rent  vcwvl  [Duaiiig 
iDEiliillii  aa  tklw  arteria  reoU  ;  r,  caplllarliia 
dirtvi .  I.  capillarieH  ut  medtillft  :  ii,  veao 
nrch  ;  h.  flralgbl  veliiK  nt  medulla  ;  i,  lalerk 
iiliirvelri:  j, vi-iianlvllulH.    iC^UtaiiilSohaere 


EXCRETION 


.  AHATOUT  or  THE  KIDNEY. 


le  following  summary  presents  the  facts  of  greatest  importanL-e 
le  physiologist: 

a.  The  Blood  Supply  of  the  Kidney. 
)  The  lai^,  short  renal  artery  direct  from  the  ab<lomitial  artery 
ea  to  the  kidney  its  supply  of  arterial  blood.    Its  size  is  wholly 
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»f  proportion  to  the  kidney,  making  it  evident  at  »incc  that  another 
K>se  than  simple  nourishment  of  the  kidney  tissue  is  to  U-  aceom- 
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(2)  The  large,  sliort  renal  vein  emptying  direct  into  the  venacara 
offers  slight  resistance  to  the  return  of  the  blood. 

(3)  The  formation  of  a  network  of  arterial  and  venous  arches 
between  the  cortex  and  the  medulla,  in  and  just  below  the  plane  a'. 

(4)  The  irUerlobviar  cortiad  arteries  passing  upward  from  llus 
plane. 

(5)  The  glomeruli  or  tufts  of  capillaries  on  either  side  of  the  inter- 
lobular arteries.  Each  glomerulus  is  supplied  by  an  afferent  arteriole 
and  is  emptied  by  an  efferent  arteriole. 

(6)  The  capillaries  of  the  cortex  surrounding  in  a  network  ik 
tubules  of  the  cortex  and  fed  by  the  efferent  arterioles. 


kidney:    ^.  Mal^ghlun  bmly  :  ^ 
glomeruliu  ;  y.  :,  aHl-rtnt  and  efliereiil  retnila  i 
necli  marking  pansKe  of  mpaule  Into  conv 
(^.  Irregular  tubule  ;  D  and  F,  spiral  lubules 
colLectliig  tubule.    IPlersol.) 


tubulei  dnwn  rrnm  secUonior  bniniii 

cpttbeUum  lining  ibecapauleand  reflecled  oreitbe 

\3  oC  Ihe  mn  :  e.  nuclei  of  capillaries  :  n.  omHricM 

nvoluled  lubule;  5,  proximal  cooToluled  lubale: 

uceiiding  limb  ot  Heule'a  Inop :  O,  sinlgbi 


(7)  TIic  capilliiries  of  the  nicdulla  fed  by  the  trtic  and  falge  artcriir 
rcdT. 

{S)  The  inlrrhliiilaf 
and  through  tlic  veiiO: 
of  the  renal  vein. 


ri»i  collecting  the  bloo<i  from  the  airlcx 
arches,  passing  it  into  the  larger  branches 


h.  The  Uriniferous  Tubules. 

(I)  Capnulf  i>f  Hownian  cn<io,singa  glomerulus.  'ITic  glomerulus, 
thoiigli  pn(lo.-«'(l  by  the  ciipsulc,  is  outside  of  the  uriniferous  canal. 
iKTaiisc  till'  capsule  is  rcilu plicated,  one  layer  of  it  lying  upon  the 

glomerulus. 
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(2)  The  neck  of  the  capsule,  beyond  which  the  real  tubule  begins. 

(3)  The  proximal  eonvoluted  tybulcy  clothed  with  striated  cuboidal 
pithelium. 

(4)  The  spiral  portion,  with  low  granulostriated  epithelium  and 
avy  course. 

(5)  The  descending  limb  of  Herders  loop  possessing  the  narrowest 
imen  of  the  entire  tubule,  surrounded  by  flattened  plates  whose 
uclei  project  into  the  lumen  of  the  tubule. 

(6)  The  loop  of  Henle  and  the  ascending  limb  of  Herders  loop,  with 
olyhedral  cells  and  flattened  nuclei. 

(7)  The  irregular  portion  and  the  distal  convoluted  portion,  whose 
pithelium  is  similar  to  that  of  the  proximal  convoluted  portion. 

(8)  The  collecting  iubvles  of  the  medullary  ray,  with  cuboidal 
*ansparent  epithelium. 

(9)  The  excretory  ducts  of  the  medullary  portion,  whose  epithehum 
insists  of  large,  well-defined,  columnar  cells  with  ellipsoidal  nuclei 
ear  the  base. 

/^c.  Innervation  of  the  Kidney.  \  \  \ 

The  kidney  is  supplied  by  branches  from  the  renal  plexus  which 
iirrounds  the  renal  artery.  The  renal  plexus  is,  in  turn,  **  formed 
y  filaments  from  the  solar  plexus,  the  outer  part  of  the  semilunar 
lexus,  and  the  aortic  plexus.  It  is  also  joined  by  filaments  from  the 
planchnic  nerves.  '^The  nerves  from  these  sources — fifteen  or  twenty 
1  number — ^have  numerous  gangha  developed  upon  them.  They 
ccompany  branches  of  the  renal  artery  into  the  kidney."    (Gray.) 

The  ultimate  origin  of  this  plexus  is  a  centre  in  the  floor  of  the 
>urth  ventricle,  anterior  to  the  vagus  centre.  Section  of  the  nerve 
ract  anywhere  between  the  centre  and  kidney  causes  increase  in 
ize  of  kidney  and  polyuria  or  hydruria.  Stimulation  of  the  peripheral 
nd  causes  shrinking  of  the  kidney  and  decrease  of  excretion.  These 
xperiments  lead  to  the  conclusion  that  the  renal  plexus  carries 
>rincipally  vasoconstrictor  fibres.  Other  experiments  show  that 
here  are  vasodilator  fibres.  The  existence  of  a  specific  secretory 
entre  has  not  been  demonstrate<l. 

The  discovery  of  ner\'e  filaments  between  cells  of  the  convoluted 
ubule  (Berkley),  which  nerves  could  hardly  have  any  other  function 
iian  to  influence  the  secretory  activity  of  the  cells  to  which  they  are 
istributed,  leads  one  to  the  belief  that  a  centre  for  the  control  of 
landular  activity  of  the  kidney  must  exist.  The  response  of  the 
xcised  kidney,  in  size  and  activity  of  excretion,  to  certain  perfuse<l 
rugs  would  point  either  to  a  local  secretory  centre  or  to  local  response 
f  the  glandular  tissue  to  the  stimulus  of  the  drugs. 
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THE  PHYSIOLOGY  OF  EXCRETION. 

.1.  RENAL  EXCRETION. 
1.  THE  URINE. 

a.  General  Characteristies.     V  « 

1.  The  Quantity. — An  average-sized  man  passes  about  1200  c.c. 
in  twenty-four  hours.  This  amount  varies  from  800  c.c.  to  1600  c.c. 
according  to  various  conditions,  the  chief  factors  which  increase 
the  quantity  being  increased  imbibition  and  decreased  perspiration. 
Either  of  these  two  things  or  both  together  usually  accoimts  for 
increased  urinar}'  excretion. 

2.  The  Specific  Gravity. — ^"llie  urine  consists  of  a  number  of 
soluble  solids  in  solution.    ^Fhe  amount  of  the  solids  is  less  variable 
than  the  amount  of  the  water,  but  the  proportion  may  vary  con- 
siderably,    '^rhe  specific  gravity  varies  between  the  usual  normil 
limits  1015  and  1025.    ITie  factors  enumerated  above  which  increase 
the  quantity,  at  the  same  time  decrease  the  specific  gravity  because 
it  is  the  water  rather  than  the  solids  which  is  increased.    If  the  limits 
given  alx>ve  are  exceeded  in  either  direction  the  cause  should  be 
determined,     lo  pass  beyond  these  limits  does  not  by  any  means 
necessarily  indicate  a  pathologic  condition.     Halliburton  gives  as 
extreme  physiologic  limits  1002  after  excessive  imbibition  and  1035 
after  copious  sweating.     But  these  are  unusual  limits,  and  habits 
which  could  lead  to  such  extreme  dilution  or  condensation  of  urine 
might  readily  lead  to  nutritional  disturbances. 

3.  The  Reaction. — Normal  human  urine  is  usually  acid  when 
passed.  The  urine  of  camivora  is  strongly  acid;  that  of  herbivora 
and  vegetarians  is  either  faintly  acid  or  alkaline.  ^Fhe  acidity  of 
urine  is  due  to  the  presence  of  acid  sodium  phosphate  (NaH,POJ. 
In  average  urine  about  60  per  cent,  of  the  phosphoric  acid  present 
is  in  the  form  of  NaH^PO^.  The  generally  accepted  theor)'  is  that 
when  other  acids  pass  into  the  blood  from  the  metabolic  tissues  or 
the  absorptive  surface  they  take  bases  from  the  monohydrogen 
phosphate  and  thus  increase  the  dihydrogen  phosphate,  so  increasing 
the  acidity  indircctlyy  the  acid  l)ody  in  the  urine  being  in  everj'  case 
dihj/drogrn  -phosphate,  particularly  NaH2PO^.  However,  according  to 
the  ion  th(M)ry:  The  acid  reaciion  of  a  mixture  is  dependent  upon  the 
number  of  hydrogen  ions  present.  Therefore,  the  various  acids  must 
take  part  in  the  ficid  reaction  in  pro{X)rtion  to  their  dissix^iation. 
(Ilamniarsten.) 

Bnnge  called  attention  to  the  fact  that  the  secretion  of  HCl  into 
the  lumen  of  the  stomach  is  accompanied  by  a  quantitative  (internal) 
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secretion  of  bases  into  the  circulation.  This  will  tend  to  decrease 
the  acidity  of  the  urine,  because  the  alkali  thus  liberated  combines 
with  the  acids  produced  in  other  metabolic  processes,  forming  neutral 
salts  and  protecting  monohydrogen  phosphate  from  the  acids  in 
question.  '^This  accounts  in  part  for  the  decreased  acidity  of  the 
urine  during  digestion. 

It  was  stated  above  (Metabolism)  that  the  katabolism  of  proteins 
results  in  the  formation  of  NHj,  which  immediately  combines  to  form 
various  ammonium  salts.  These  ammonium  salts  are  excreted 
mostly  in  the  form  of  urea.  If,  however,  usual  conditions  are  modified 
and  a  larger  amount  of  free  mineral  acid  appears  in  the  blood  than 
can  be  combined  with  the  Na  and  K  available,  then  the  ammonium 
takes  the  place  of  these  alkalies,  and  the  urea  excretion  is  proportion- 
ally lessened.  Experimentally  this  can  be  pushed  to  the  point  where 
urea  nearly  disappears  from  the  urine.  Physiologically  this  fate  of 
the  ammonia  is  probably  very  insignificant. 

The  reason  for  alkalinity  of  the  urine  of  herbivora  is  that  their 
food  contains  a  considerable  quantity  of  alkaline  bases  (Na  and  K) 
in  combination  with  Ihe  organic  acids  (tartaric,  citric,  malic).  These 
acids  become  oxidized  in  the  body  and  the  metals  combine  with 
CO,  to  make  carbonates,  whose  excretion  in  the  urine  neutralizes 
the  acids  and  leaves  the  liquid  alkaline  in  reaction. 

To  SUMMARIZE :  Tlic  reaction  of  the  urine  is,  in  man,  normally 
acid.  The  acidity  is  dvs  to  acid  phosphates.  The  acidity  is  increased 
by  increased  protein  metabolism.  The  acidity  is  decreased  by  ingestion 
of  the  bases  in  combination  with  organic  acids.  The  acidity  is  de- 
creased by  the  gastric  secretion  of  HCL  The  alkalinity  of  the  blood 
is  decreased  (acidity  of  urine  increased)  by  the  secretion  of  the  bile 
\  and  pancreatic  juice. 
^  4.  The  Color. — The  normal  light  yellow  varies  with  the  specific 
gravity,  shading  into  brown  with  increasing  specific  gravity  and 
becoming  almost  as  clear  as  water  with  decreasing  specific  gravity. 
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b.  The  Chemical  Composition  of  the  Urine. 


THB  CHIBF  urinary  CONSTITUINTS. 


Urine        .... 
Water    .... 
Solids     .... 
Omtnic 

Nitrogenous  . 

Urea 

Kreatinin 

Uric  acid 

Hippurlc  acid 

Xanthln  bodies 

Amido-acids  . 

Aromatic  substances 

Carbohydrates 

Other  organic  bodies 
ments  . 
Inorganic  . 

Acids 

Chlorine 

Phosphoric  [PsOt] 

Sulphuric  [SO3]     . 

Bases 

Sodium  . 

Potassium 

Ammonia 

Calcium . 

Magnesium    . 


ncluding 


pis 


Percent, 
composi- 
tion. 


Grams 

100.00 
95.164 
4.886 
8.008 
2.386 
2.212 
0.060 
0.087 
0.027 


0.666 


1.883 
0.845 
0.500 
0.211 
0.184 
0.988 
0.789 
0.167 
0.051 
0.017 
0.014 


Pakkeb. 


Quanti- 
tieein 


BUHGL 


24hours.  I  JS^l,^ 


Per  diem  ^^^^  ^^J*" 

PSLii^<>imeataiid  bmd. 
water  butter, 
diet      AwtHr. 


Grams 

1600.0 

1427.46 

72.54 

45.04 

85.04+ 

88.18 

0.91 

a55 

0.40 


laoo 


27.50 

12.67 

7.50 

8.16 

2.01 

14.88 

11.09 

2.50 

0.77 

a26 

0.21 


Grams 

28.9657 
22.8000 
1.1057 
a6794 
0.5284 
0.5000 
a  0140 
0.0084 
0.0060 


a  1510 


Grami 
1672  C.C 

901607- 

? 
7a  761  r 
67.200    I 

2.16S 

1.! 


Gnni 
imcc. 

45k  4tt- 

? 
21.S14 

aoiin) 
am 
ass 


0.4268 

19.846 

1S.6M 

a2045 

11.928 

7.911 

0.1260 

8.817 

4.W 

a0480 

8.437 

l.«H 

a0805 

4.674 

1.2B 

a  2218 

7.918 

5.tl5 

0.1661 

8.991    , 

S.«B 

ao4ao 

8.808    ' 

1.814 

0.0180 

1 

aooo4 

0.888 

am 

0.0008 

a291 

a  19 

c. 


The  Urinary  Constituents  Separately  Considered. 


The  quantity  of  water  eliminated  from  the  system  by  way  of  the 
kichieys  is  far  more  constant  than  tlie  quantity  ingested,  the  range 
of  the'  former  Ix^^ng  alwut  500  c.c.  (1200  to  1700),  while  the  range  of 
the  latter  is  as  much  as  1000  c.c.  One  of  the  excretory  organs  must 
present  a  range  sufficiently  wide  to  cover  that  shown  by  the  water 
imhilKnl.  The  skin  fulfils  this  requirement.  ITie  relation  between 
the  (juantity  of  w^ater  ingested  and  that  excreted  by  skin  and  kidney's, 
together  with  the  reciprocal  relations  between  skin  and  kidneys,  will 
be  discussed  at  length  with  the  functions  of  the  skin. 

The  cjuantity  of  solids  excreted  by  the  kidneys  is  .subject  to  a 
considerable  range.  Note  in  the  above  table  that  with  a  meat  diet 
the  solids  are  al)out  twice  as  great  in  quantity  as  with  a  bread  diet; 
and  that  with  a  mixed  diet  (second  column)  the  quantity  is  midway 
l)etween  that  of  the  pure  protein  and  the  vegetarian  diet.  By  far 
the  greater  part  of  the  solids  leaves  the  lx)dy  by  the  kidneys. 

1.  Organic  Compounds.— The  relation  between  organic  and 
inorganic  varies  within  rather  wide  limits;  for  a  mixed  diet  the 
organic  :  inorganic  :  :  5:3;  for  a  meat  diet  the  organic  matter  is 
probably  at  least  four  times  as  great  in  quantity  as  the  inorganic, 
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while  with  the  vegetarian  diet  the  relations  approach  those  of  a 
mixed  diet. 

(a)  NitrogenouB  Oomponnds. — About  94  per  cent.  (15  grams  daily) 
of  the  nitrogen  leaves  the  body  through  the  kidneys;  the  remaining 
6  per  cent.  (1  gram  daily)  leaves  the  body  in  the  intestinal  secre- 
tions, cutaneous  and  pulmonary.  The  nitrogenous  excreta  are  much 
affected  by  the  diet.  Note  that  with  a  meat  diet  they  aggregate  twice 
as  much  as  with  a  mixed  diet.  Of  the  nitrogen  of  the  urine  about 
86  per  cent,  is  in  the  urea,  3  per  cent,  in  kreatinin,  2  per  cent,  in  uric 
acid  and  xanthine  bodies,  6  per  cent,  in  other  nitrogenous  compounds, 
including  hippuric  acid,  amido-acids,  indol,  skatol,  pigments,  and 
nucleoalbumin;  and  3  per  cent,  in  ammonia. 

Ammonia  should  probably  be  classified  with  the  nitrogenous 
compoimds,  but  inasmuch  as  it  appears  as  a  base  among  the  inorganic 
constituents  of  the  urine  the  author  has  classified  it  as  an  inorganic 
base,  under  which  head  it  will  be  discussed. 

(«)  Urea  or  Carbamide, 

is  the  most  important  of  the  nitrogenous  compounds.  The  average 
amount  is  about  33  grams  per  day,  though  with  a  meat  diet  it 
may  be  twice  as  great.  No  portion  of  the  urea  is  formed  in  the 
kidney.  ITiat  organ  is  the  excretory  organ  alone.  As  already  stated 
above,  under  metabolism,  nearly  all  of  the  urea  is  formed  in  the  liver; 
and,  for  the  most  part,  probably  from  ammonium  carl)onate  by 
double  dehydration.  The  source  of  the  ammonium  carl)onatc  from 
the  products  of  katabolism  has  l)een  discussed  above.  (See  Metab- 
olism.) 

09)  Kreatinin,  or  Glycolyl  methyl  guanidin,  or 

H 

1 

.N— C:() 
H-N:CX  I 

As  has  l)een  stated  alK)ve,  the  kreatinin  of  the  urine  probably 
comes  from  the  kreatin  ingested  with  lean  meat.  I'his  ingested 
kreatin  is  dehydrated  in  the  liver  and  excreted  directly  by  the  kidneys. 
(See  p.  4(>6.)  The  fate  of  the  kreatin  which  is  found  in  the  muscles 
is  still  a  matter  of  conjecture.  The  fact  that  when  food  is  free  from 
kreatin  the  urine  is  free  from  kreatinin  would  seem  to  indicate  that 
the  sole  source  of  kreatinin  is  the  kn*atin  of  the  fmxl.  On  the  other 
hand,  the  excretion  of  kreatinin  during  starvation  seems  to  decrease* 
the  force  of  the  preceding  observation,  l^he  fact  that  kreatin  is 
present  to  the  extent  of  0.3  per  cent,  in  muscle  tissue  does  not  neces^ 
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sarily  indicate  that  it  is  one  of  the  usual  midproducts.  It  may 
accumulate  to  the  extent  indicated  above  and  remain  a  fairly  constant 
constituent,  little  being  normally  added  to  the  supply  and  Uttle  taken 
away.  If  it  is  being  constantly  formed  it  may  be  completely  katab- 
olized  to  H,0,  CO^  and  NH„  and  the  end  katabolites  built  up  to 
the  urea  level  again ;  or  it  may  be  subjected  to  a  series  of  changes  such 
>s  that  outlined  on  page  375. 

"^^^7-)  Uric  Acid. — ^Uric  acid  is  the  principal  constituent  of  avian 
excrement.  In  the  mammalian  urine  it  is  an  important  and  constant 
constituent,  though  the  quantity  is  small  (about  0.5  gm.  per  diem) 
compared  with  that  of  urea.  The  fact  that  when  uric  add  is  given 
to  a  mammal,  mixed  with  food,  it  is  hydrated  and  oxidized  to  urea 
and  COj^  makes  it  probable  that  uric  acid  is  one  of  the  antecedents 
of  urea. 

"Through  the  researches  of  Horbaczewski,'  we  now  know  that  the 
nuclear  uric  acid,  as  we  may  term  it,  is  formed  together  with  the 
xanthin  (purin)  bases  in  all  organs  of  the  body,  and  is  most  abun- 
dantly produced  in  those  which  are  especially  rich  in  nuclei,  such  as 
the  spleen  and  the  lymph  glands.  Considerable  amounts  of  uric 
acid  could  be  obtained  from  these  parts  when  the  blood  used  in 
transfusion  experiments  contained  much  oxygen,  while  with  the 
venous  blood  xanthin  bases  only  were  produced.  In  the  amphibia 
and  fish,  in  which  the  oxidation  processes  are  especially  sluggish,  we 
accordingly  find  xanthin  bases,  but  little  or  no  uric  acid. 

."^Vhy  is  it  that  in  mammals  uric  acid  appears  in  the  urine  at  all, 
in  view  of  the  fact  that  uric  acid  which  is  introduced  into  the  stomach 
IS  eliminated  as  urea?  ITiere  is  reason  to  believe  that  the  uric  acid 
thus  ingested  is  carried  direct  to  the  liver  and  oxidizes  to  urea  by 
the  oxidizing  ferments  of  that  organ.  We  find  that  an  increased 
elimination  of  uric  acid  results  at  once,  when  the  blood  of  the  portal 
vein  is  prevented  from  flo\\ing  through  the  liver  by  establishing  a 
so-called  Eck  fistula  between  this  and  the  inferior  vena  cava,  the 
hepatic  artery  IxMng  at  the  same  time  ligated.  In  this  manner  the 
blood  of  the  spleen  and  the  extensive  lymphatic  districts  of  the 
intestinal  tract  is  carried  directly  to  the  general  circulation,  and  the 
xanthin  bases  find  their  way  into  the  urine  without  being  subjected 
to  the  action  of  the  oxydases  of  the  Hver.  We  may  hence  conclude 
that  the  apjx^arance  of  the  xanthin  bodies  in  the  urine  is  not  under 
normal  conditions  owing  to  the  fact  that  not  all  of  the  blood  of  the 
body  reaches  the  liver  Ix^fore  being  carried  to  the  kidneys."    (Simon.) 

1  Emil  Hscher.    Ber  d.  deutcher  Chem.  Gax..  1884,  Bd.  xvli. 
-  Sunimarized  by  Simon,  PbTsiologlcal  Chemistry,  p.  258, 
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Medicus'  formula  for  uric  acid  is  as  follows: 

H    O 

N— C    H 

I  . 

0:C<'      C-N. 

II  >:0. 

,    N— C— N'^ 

H  H 

Note  that  the  addition  of  2HjO  +  30  would  reduce  this  molecule 
to  2  urea  +  3CO,. 

Normal  urine  contains  no  free  uric  acid,  but  contains  several 
combinations  of  uric  acid  with  bases:  ammonium  urate,  sodium 
urate,  potassium  urate,  calcium  urate,  Uthium  urate,  etc.  ^Fheir 
composition  is  shown  by  simply  displacing  one  or  more  of  the 
hydrogen  atoms  with  the  metal.  The  displaceable  hydrogen  atoms 
are  indicated  by  heavier  type  in  the  formula.  Little  is  known  of 
the  relation  which  these  combinations  sustain  to  the  metabolism. 

Camin,  or  Dimethyluric  acid/has  been  found  in  traces  in  urine; 
the  two  CH,  radicals  displace  the  two  hydrogen  atoms  indicated 
above. 

Considerable  diflBculty  has  been  experienced  by  those  who  have 
worked  in  this  field  in  determining  the  relations  of  the  metals  to  the 
uric  acid.  To  facilitate  the  explanation  of  this  subject  as  now  under- 
stood, we  may  represent  the  uric  acid  formula  thus:  HjU;  H,  being 
the  two  displaceable  hydrogen  atoms  and  U  representing  the  remainder 
of  the  uric  acid  formula:  M^U  would  represent  a  netUral  urate 
{e.g.f  NAjU  neutral  sodium  urate);  MHU  would  represent  an  acid 
urate  or  a  bittrate;  H,U"MHU  would  represent  a  hyperacid  salt  or 
quadriurate.  Neutral  urates  are  decomposed  by  HjCO,  or  by  carbon- 
ates. They  cannot  then  exist  in  the  blood  or  in  the  urine.  The  acid 
urates  (MHU)  are  very  stable  salts;  they  are  less  soluble  than  the 
neutral  salts,  but  much  more  soluble  than  uric  acid. 

Though  urine  when  excreted  contains  no  free  uric  acid,  this 

appears  usually  as  a  crystalline  deposit  after  the  urine  has  stood, 

which  represents  a  part  of  the  uric  acid  freed  from  the  metals.     It 

has  been  supposed  that  it  was  set  free  by  the  acid  phosphates  present 

in  the  urine. 

MHU  4-  MHjPO^  =  H,U  -f-  MjHPO^. 

Sir  William  Roberts*  believes,  that  the  above  reaction  does  not 
represent  completely  the  situation;  ^'tliat  uric  acid  is  excreted  as  a 
quadriuraie;  thaty  being  in  aqueous  sohUion,  the  quadriuraies  are  in 
a  stale  of  unstable  equilibrium  and  tend  at  once  to  decompose  a^ccordiny 

to  tlie  equcUion:" 

(I)  MHU  H,U  =  MHU  -f  H,U. 

1  Quoted  by  Hopkixu,  in  Schafer's  Text-book,  toI.  i.  p.  &89. 
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^lie  liberated  uric  acid  is  precipitated.  After  this  preliminarr 
decomposition  the  following  reaction  takes  place,  in  which  two 
molecules  of  biurate  are  combined  to  form  one  of  quadriurate: 

(II)  2MHU  -h  MHjPO^  =  MHUHjU  -|-  M,HPO,. 

This  quadriurate  may  now  be  decomposed  (i)  and  the  resulting 
biurate  combined  (ii),  and  so  on  until  all  of  the  urates  are  decom- 
posed and  the  uric  acid  liberated. 

Hopkins  calls  attention  to  the  fact  that  it  is  not  demonstrated 
that  equation  (i)  occurs  first.  The  uric  acid  may  be  excreted  as 
a  biurate  and  formed  by  acid  phosphate  into  quadriurate  as  shown  in 
equation  (ii).  The  two  equations  could  alternate  just  the  same  accord- 
ing to  this  proposition  and  the  uric  acid  be  eventually  all  liberated. 

The  amount  of  uric  acid  is  only  about  0.5  gram  (0.2  to  1)  daily  on 
a  usual  mixed  diet.  The  ratio  of  uric  acid  to  urea  is  thus  about 
1  :  60.  Some  have  emphasized  this  ratio  as  having  considerable 
physiologic  significance,  being  a  physiologic  cotistant,  A  glance 
at  the  table  giving  the  composition  of  urine  shows  that  diet  alone 
mav  disturb  this  ratio — with  a  meat  diet  the  ratio  is  1  :  48,  while 
with  a  bread  diet  it  is  1  :  82. 

Even  on  the  same  diet  and  with  the  same  habits  some  indiriduab 
will  excrete  much  larger  amounts  of  uric  acid  than  others.  This 
individual  element  must  be  taken  into  consideration  in  clinical  cases. 

The  present  state  of  our  knowledge  of  the  relation  of  uric  acid  to 
mammalian  metabolism  may  be  thus  briefly  summarized: 

(i)  Uric  acid  and  the  purin  bodies  in  general  result  from  the 
katal)olism  of  nucleoproteids.  The  nucleoproteids  thus  katalx)lized 
arise  partly  from  the  disintegration  body  cells  and  partly  from  digeste<l 
cells  taken  as  food. 

(ii)  The  amount  of  uric  acid  (and  others  of  purin  series)  present 
in  the  excreta  will  vary  with  the  cell  (nuclear)  destruction.  But 
this  in  turn  varies  (i)  with  destruction  of  body  cells  in  excessive 
exercise  and  in  leukocytosis;  and  (ii)  with  destruction  of  food  cells, 
the  amount  in  a  meat  diet  l)eing  over  five  times  that  of  a  bread  and 
butter  diet. 

(hi)  Any  interference  with  normal  oxidation  in  the  tissues  tends 
to  increase  the  quantity  of  purin  lx)die5  at  the  expense  of  the  uric 
acid. 

{d)  TiiK  PuiUN  Series,  ixcluding  the  Xanthin  Bodies. — Uric 
acid  belongs  to  this  series.  Emil  Fisher  discovered  purin  and  classified 
the  members  of  the  series.  His  classification  will  be  adopted.  To 
purin  and  its  nucleus  Fisher  gives  the  following  formulas: 

N=(:    H  IN— 6C: 

I  I     H  II 
Piiriii  (('sH.XJ  ()rH.(^    <'— ^v  2C     50— 7N. 

II  II      I  ^(^H.  I         I  > 


X  — ( ;—  N  3N— 4C— 9N  ^ 


Purin  nucleus. 
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'urin  itself  is  not  found  in  the  body  fluids  or  tissues  because  it 
lizes  readily  into  the  other  members  of  the  series.    Fisher  numbers 

atoms  of  the  nucleus  in  order  to  represent  by  a  word  formula 

structure  of  the  various  derivatives. 

i)  Hypoxanthin,  or  Sardn,  is  a  monoxypurin,  the  oxygen  atom 

ig  joined  to  the  6C  atom ;  it  is,  therefore,  called  6-oxypurin. 

u)  XarUhin  is  a  dioxypurin.     Its  structure  is  indicated  by  the 

icture  name:  2,  6-dioxypurin,  the  oxygen  atoms  being  joined  to 

nucleus  at  positions  2  and  6. 

ni)  Uric  acid  is  a  trioxypurin  (2,  6,  8-trioxypurin). 

iv)  Amino-purins  are  represented  by  Adenin  (6  amino-purin)  and 

Guanin  (2-amino-6-oxypurin). 

Ul  of  these  bodies  are  normally  found  in  tissues  and  fluids  of  the 

lyand  in  urine.    As  stated  above,  they  are  products  of  katabolism 

he  nucleus.     The  Sarcin,  Xanthin,  and  Uric  Acid  represent  pro- 

ssive  steps  in  oxidation. 

v)  Methyl  Dioxypurins  or  Methyl  Xanthhis  are  represented  by  the 

iloids  theophylline,  theobromine,  and  caflFeine,  constituents  of  tea, 

3a,  and  coflFee,  and,  therefore,  food  adjuvants. 

la)  Theophylline  (1, 3-dimethylxanthine)  is  excreted  a5:  1-methyl- 

thine.    (66)  Theobromine  (3,  7-dimethylxanthine)  is  excreted  in  the 

le  as  7-methylxan thine,     (cc)  CaflFeine  (1,3,  7-trimethylxanthine) 

ears  in  the  urine  as  1  to  7-dimethylxanthine.    From  this  it  appears 

the  methyl  group  joined  to  the  3N  is  particularly  open  to  oxida- 
1  in  the  body. 

Tie  work  of  Horbaczewski  and  of  Minkowski  indicate  that  the 
alx)lism  of  nuclein  takes  a  course  somewhat  as  follows: 


;lein 


Nucleic  acid 


Protein. 


< 


'  Pbospbortc  acid. 
Purins    .    .    . 


Hypoxantliln  f-  O3    ^  Uric  acid. 

Xanthin  {     O     -  Uric  add. 

Adenin  -1  Oj  f-  H-0      NH,  \  Uric  acid. 

Guanin  +  O  +  HjO  -  NH,  +  Uric  acid. 


Tie  oxidation  is  never  complete,  unoxidized  remnants  of  the 
ins  being  found  in  the  urine.  The  normal  daily  uric  acid  excretion 
bout  0.7  gm.,  that  of  the  purin  bases  about  0.1325.  The  amount 
he  purin  bases  in  the  excretion  may  be  quadrupled  in  leuko- 
lemia  (I^usk). 
:)  HiPPURic  Acid,  or  Benzamidoacetic  Acid, 

(^^Hi— CM)NH,— CH,— COOH 

^nder  metabolism  it  was  stated  that  in  the  system  hippuric  acid 
ormed  by  a  synthesis  of  l^enzoic  acid  with  glycocoU  or  amido- 
ic  acid.  We  may  go  a  step  farther  and  say  that  when  any  of 
benzoic  derivatives  which  contain  only  one  side  chain  is  ingi^sted 
\  usually  oxidized  to  benzoic  acid,  and  this  in  turn  synthesized 
1  ^ycocoU  to  form  hippuric  acid.    Such  benzole  derivatives  are 
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toluene,  CeHj-^H,;  cinnamic  acid,  QH^— CHOH— COOH; 
phenylpropionic  acid,  C^\ — ('H^ — CH, — COOH.  Aromatic  bodies 
of  this  class  are  present  in  epidermal  tissues  of  fruits  and  veg^ 
tables.  If  one  eats  apple-skins  he  will  increase  the  excretion  of 
hippuricacid.  Hippuric  acid  then  has  a  double  origin:  (i)  aromatic 
bodies  in  the  ingesta;  (ii)  protein  katabolism.  The  fact  that  hippuric 
acid  does  not  entirely  disappear  from  the  urine  during  starvation  indi- 
cates that  the  aromatic  bodies  may  result  from  katabolism  of  proteins. 

Hippuric  acid  may  combine  with  metals  to  form  hippurates,  in 
which  form  it  appears  in  the  urine. 

(c)  Amido-acids  when  ingested  are  usually  katabolized  and  appear 
as  urea  in  the  urine.  But  in  acute  yellow  atrophy  of  the  liver  and  in 
phosphorus  poisoning  these  bodies  pass  into  the  urine  unchanged. 
Leucin  and  Tyrosin  are  the  chief  amido-acids  so  excreted.  CyStin, 
or  Dithiodiamidoethidene-lactic  acid,  is  a  double  molecule.  It  b 
an  oxidation  synthesis  of  two  cystein  molecules.  Cystein,  or  Amido- 
thiopropionic  acid,  is  a  sulphur-containing  katabolite  of  protein,  but  it 
is  normally  decomposed  to  simpler  products.  If  not  so  decomposed 
it  may  enter  into  the  following  reaction :  2  Cystein  +  O  =  Cystin  + 
HjO.  Cystein  is  quite  insoluble  in  water  and  appears  in  urinary 
sediment  in  hexagonal  plate  crystals,  or  it  may  form  calculi.  Certain 
famiUes  present  the  peculiarity  of  excreting  considerable  quantities 
of  cystein  (0.5  to  1.0  gram  daily). 

{7j)  Aromatic  and  Nitrogenous  Aromatic  Compounds.— This 
class  of  urinary  constituents  is  derived  almost  wholly  from  absorbed 
aromatic  bodies.  Some  of  these  may  exist  as  such  in  vegetable 
tissues;  some  of  them  are  liberated  from  or  spUt  off  from  protein 
during  the  digestive  and  decomposition  processes  which  go  on  in 
the  alimentary  canal.  Some  of  these  serve  an  important  office  in 
furnishing  a  vehicle  for  the  removal  of  the  sulphuric  acid;  the  bodies 
so  formed  are  called  Conjugated  Sulphates. 

There  are  three  subdivisions  of  this  class,  viz.:  (i)  Hydroiyl 
aromatic  bodies,  (ii)  Aromatic  oxya^nds,  (iii)  Conjugated  StdphaU^- 

(i)  Hydroxy  I  Aromatic  Bodies, 

Phenol,  oxybenzole,  phenylhydroxide,  carbolic  acid :  C^H,— OH. 
(For  structural  formula  see  Digestion  Introduction.) 

/CH 
Kresol,    parakresol,     CflH^^^^"^,      This    body    is    much  more 

abundant  than  Phenol. 

Pyrocatechin,  or  orthodihydroxybenzole  (CaH^=(OH),),  and  it*' 
isomere  i/yrfrocA/w/«,  or  paradihydroxybenzole  (CaH^"(OH),),are 
both  found  in  human  urine;  the  first  only  in  small  quantities,  the 
second  only  rarely  and  in  traces. 

Itiosif,  or  hexahydroxybenzole,  C^HijO,.  The  quantitative 
formula  of  this  body  is  very  misleading.     One  would  take  it  for 
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^xtrose  or,  at  least,  a  carbohydrate.  It  was  so  considered  at  first. 
fter  excessive  imbibition  of  water  this  body,  which  seems  to  be 
3rmally  present  in  all  the  metabolic  tissues,  will  appear  in  the 
nne.    Its  structural  formula  is  indicated  in  the  following: 

Formula-  CeH.  —  (OH).. 

(ii)  Aromatic  Oocyacids.  ITiese  bodies  are  derived  from  Tyrosin 
>oxyphenylamidopropionic  acid)  by  oxidation  and  other  katabolic 
langes.  The  first  two  are  regular  constituents  of  normal  urine. 
Tie  last  two  are  derived  from  the  same  source,  and  are  found  in 
rine  when  intestinal  putrefaction  takes  a  certain  unusual  (perhaps 
athologic)  course. 

Parahydroxyphenylacetic  acid, 

^•"4\cH,C00H. 
Parahydroxyphenylpropionic  acid, 

^  •«4\CH,— CH,— a)OH. 
Homogentisinic  acid,  or  Dihydroxyphenylacetic  acid, 

^•"»\CH,— (X)OH. 
Uroleucinic  acid,  or  Trihydroxyphenylpropionic  acid, 

r.  H  /(OH.) 

(ill)  The  Conjugated  Sulphates.  Incident  to  the  fermentative 
rocesses  which  go  on  in  the  alimentary  tract,  phenol,  kresol,  indol, 
id  skatol  are  formed.  These  bodies  are  in  part  absorbed  and  pass 
ito  the  circulation;  their  accumulation  in  the  blood  would  be  very 
•leterious  to  the  system.  In  the  liver  they  meet  the  acid  sulphate 
f  potassium  or  sodium,  or  sulphuric  acid,  and  enter  into  a  series  of 
&rmless  combinations  which  are  in  due  time  excreted  by  the  kidneys. 

Phenol  Sulphate  of  Potassium  has  been  discussed  above.  Phenol 
lay  also  be  conjugated  with  HjSO^  or  with  NaHSO^. 

Parakresol  Sulphate  of  Potassium. 

Recall  that  parakresol  =  paramethylphenol  and  the  (imposition 
f  this  IxKiy  will  be  at  once  understood : 

H 

n     I    H 

\ 
V 

H. 

Parakresol  may  also  ho.  conjugated  with  HjSC^  or  with  NallSO^. 
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Indoocyl  Sulphate  of  Potassium ,  or  Indican. 

Indol  is  one  of  the  katabolites  of  intestinal  fermentation: 

H  H 

II  11  J    II   11 

C     X  C     N 

H     H.  H     H. 

If  Hi  be  displaced  by  — OH,  indoxyl  results.  The  conjugation 
of  KHSO^  with  indoxyl  results  in  the  formation  of  indican  with  the 
release  of  HjO.    Indoxyl  may  also  conjugate  with  H^O^  or  NaHSO^. 

Skatoxyl  Sulphate  of  Potassium. 

Skatol  =  Methyl-Indol,  the  H,  of  indol  giving  place  to  CH^ 
One  of  the  hydrogen  atoms  of  the  methyl  may  be  displaced  with 
KSO^,  to  form  the  Ixxly  in  cjuestion. 

H 


H 

r    N 

H     H. 

(h)  The  Oarbohydrates  of  the  Urine,  (i)  Dextrose. — The  urine  of 
the  average  individual,  living  an  ordinary  Hfe,  upon  an  ordinary  diet, 
gtMierally  contains  sugar — dextrose  (Hopkins).  This  normal  sugar 
is  small  in  amount.  p]xcessive  ingestion  of  sugar  is  likely  to  l)e 
followed  by  a  nuich  increased  excretion  of  sugar — alim^entary  glyco- 
suria. In  certain  diseased  conditions — especially  in  diabetes  melfitus 
— the  excretion  of  dextrose  is  excessive,  sometimes  exceeding  500 
grams  a  day — fmthologic  glycosuria. 

(II )  Lactose  is  a  normal  constituent  of  the  urine  of  women  during 
lactation.  It  may  Ix*  found  in  minute  quantities,  and  during  a 
portion  only  of  the  lactation  period,  ^^^len  lactation  is  suddenly 
checked  the  excretion  of  lactose  may  \ye  considerable. 

(III)  Pentoses  (e.g.,  xylose,  arabinosc»),  QHj^jOj,  appear  in  the 
urine  after  the  ingestion  of  cherries,  plums,  etc.,  where  pentoses 
exist  as  **fruit-giims.'' 

(iv)  Isomolto.se  is  said  to  Ix*  present  in  normal  urine.* 
(V)  (ilycuronic  Acid,  COOH— (CIIOII),— CHO,  is  deriveil  from 
glucose  by  oxidation  of  the  primary  alcohol  group  CH^OII  to  the 
carlx)xyl  group  COOIT.     It  is  excreted  only  in  traces  in  the  urine, 

I  Baisch,  Zi'iUichr.  f.  physiol.  Chem.,  Bd.  xx.,  8.  249;  quoted  by  Hopkins 
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generally  conjugated  with  some  of  the  aromatic  bodies  to 
1st,  Phenolglycuronic  acid;   2d,  Indoxylglycuronic  acid;   or, 
itoxyl-glycuronic  acid. 
>ther  Organic  Oompoimds. — (a)   Oxalic  Acid   (COOH),,  or 

HOC— COH, 

•  •         •  • 

()    o 

mal  constituent  of  urine.  It  is  supposed  to  come  from  ingested 
Je  oxalates,  though  it  does  not  wholly  disappear  from  the 
uring  flesh  diet  or  during  starvation.^  It  readily  forms  calcium 
which  is  found  in  crystalline  form  in  urinary  deposits. 
Thk  Fatty  Acid  Skriks. — ^^fraces  of  such  volatile  fatty  acids 
c,  formic,  propionic,  and  butyric  acids.  They  are  supposed 
he  result  of  bacterial  decomposition  in  the  large  intestine. 
ac*ids  once  absorbed  are  less  readily  oxidized  in  the  system 
e  higher  members  of  the  same  series. 

Jrixary  Pigments. — As  stated  above  under    (4)   cAor^  the 

color  (light  yellow)  varies  in  a  general  way  >^ith  the  relative 

of  water  present,  getting  darker  with  increasing  specific 

If  the  color  of  the  urine  were  due  to  the  presence  of  one 
t  only,  it  would  be  possible  to  contrive  a  scale  of  colorimetric 
lich  might  be  of  considerable  clinical  value.  But  there  are  at 
ur  pigments  present  and  the  color  of  each  is  different,  so  that 
nge  of  the  color  of  the  urine  depends  upon  the  relative  amounts 
'  four  pigments  and  is  a  qualitative  change  as  well  as  a  quanti- 
se. iTius  far  attempts  at  a  colorimetric  determination  have 
of  no  value.  ITie  four  urinary  pigments  now  known  are: 
'chrome,  (ii)  Urobiliriy  (in)  Uroerythririf  (iv)  HamcUoporphyrin, 
Wochrome,  This  pigment  of  the  urine  may  l)e  separated  by 
on  with  alcohol,  urine  which  has  already  lx?en  saturated 
mmonium  sulphate.  After  the  urochrome  is  removed  the 
i  almost  colorless.  The  pigment  is  easily  soluble  in  water.  / 
is  solutions  of  pure  pigment  have  the  typical  urine  c*olor. 
is  certain  that  urochrome  is  the  pigment  which  more  than 
ler  gives  the  usual  color  to  the  urine. 

Urol)Uinf  as  its  name  implies,  is  closely  related  to  the  bile 
ts.  It  is  unquestionably  identical  with  stercobilin,  a  pigment 
eces  also  derived  from  the  bile.  It  is  found  in  the  bile  which 
lergone  partial  decom|K)sition  without  access  of  air.  It  seems 
lentieal  with  hydrobilirubin,  though  this  has  not  Ireen  demon- 

Hvdrobilirubin  is  derived  from  bilirubin  by  hydration  and 

Hilinibin  -|-  HjO  -|-  H^  =  Hydrobilinihin,  or  tJrobiiin. 
I  Marfori.    Quoted  by  Hopkins.    Schafer's  Text-book,  vol.  i.  p.614. 
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(ill)  Uroerythrin  is  the  pigment  which  colors  urinary  deposits 
pink.  It  exists  in  normal  urine  in  traces  only.  Neither  physiologic 
nor  pathologic  importance  has  been  ascribed  to  this  pigment 

(iv)  HcprruUoporphyrin  (C^^Nfi^)  is  present  only  in  traces  in 
normal  urine,  but  may  become  an  important  constituent  in  certain 
pathologic  urines. 

(v)  Chromogens  are  present  in  the  urine  and  the  use  of  reagents 
for  general  analytic  purposes  may  cause  the  appearance  of  some 
pigment  which  may  be  confusing  if  not  understood.  Indoxyl  is  a 
chromogen  which  easily  oxidizes  to  indigo  blue  or  its  isomere  indigo 
red.    The  following  equation  represents  the  reaction: 

2  indoxyl  -f  20  =  2H,0  +  indigo  blue  (QH^^J^^C  =)  . 

Oxidizing  agents  added  to  the  urine  may  give  rise  to  either  or 
l3oth  of  these  pigments  (indigo  blue,  indigo  red).  But  the  addition  of 
nitric  acid  readily  decolorizes  these  pigments  by  further  oxidation. 

Pathologic  urines  may  contain  normal  pigments  in  abnonnal 
quantities  or  such  abnormal  urinary  pigments  as:  hctmoglAin, 
methTmoglobin,  bilirvbiny  biliverdin,  carboluriaf  etc. 

2.  Inorganic  Constituents  of  the  Urine,  (a)  Acids.— (i)  Sid- 
phuric  acid  and  its  compounds  are  excreted  to  the  extent  of  2  to  2.5 
grams  per  diem  on  a  mixed  diet  and  as  low  as  1|  grams  on  a  bread 
diet.  (See  table  of  urinary  constituents.)  The  sulphur  is  ingested  as  a 
constituent  of  the  proteins.  The  excreted  sulphur  is  in  part  (}) 
combined  in  such  forms  as  cystin,  possibly  also  sulphocyanides,  and 
biliary  taurin  (pathologically),  but  most  of  it  {^)  is  in  the  fonn  of 
sulphates.  Of  these  the  conjugated  sulphates,  discussed  above  under 
aromatic  compounds,  comprise  10  per  cent.,  while  the  inorganic  sul- 
phates comprise  90  per  cent.  The  inorganic  sulphates  are  Na^SOi, 
NallSO,,  K^SO,,  and  KHSO,. 

(ii)  Phosphoric  acid  and  its  compounds  are  excreted  to  the  extent 
of  about  3  grams  daily  on  an  average  diet.  This  quantity  is 
somewhat  increased  by  a  meat  diet  and  reduced  to  about  half  as 
much  on  a  bread  diet.  There  are  phosphates  present  in  abundance 
in  vegetable  foods,  but  they  are  mostly  in  insoluble  forms  (unabsorbed) 
forms.  There  are  phosphates  of  Ca  and  Mg;  but  most  of  the  phos- 
phoric acid  is  combined  with  Na  and  K. 

To  the  acid  sodium  phosphate  (NaH,PO^)  the  urine  owes  its  acid 
reaction.  Calcium  phosphate  may  fonn  a  characteristic  portion  of 
the  deposit  from  feebly  acid  urine;  while  the  triple  phosphates  of 
magnesium  and  ammonium  frequently  separate  out  in  crystals  which 
take  the  forms  of  *' feathery  stars*'  or  "coffin-lids."  Phosphates  are 
decreased  in  nephritis  and  are  increased  in  certain  neuroses. 

(hi)  Ilffdrochloric  ac/W  is  found  in  a  free  state  only  in  the  gastnc 
secretion.     Any  part  of  the  HCl  which  may  be  absorbed  from  the 
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limentary  canal  witli  the  food  becomes  quickly  neutralized  through 
>mbination  with  carbonates  of  the  blood.  The  major  portion  of 
[ilorine  is  absorbed  and  excreted  in  the  form  of  NaCl,  the  integrity 
I  the  sodium  chloride  molecule  being  usually  unimpaired  during 
le  metabolic  processes.  The  amount  of  NaCl  in  the  circulating 
uid  remains  fairly  constant.  An  increased  ingestion  of  this  salt  is 
>llowed  by  an  increased  excretion  of  it.  NaCl  seems  to  be  retained 
I  the  system  during  febrile  conditions  and  to  be  excreted  more 
•eely  after  the  condition  becomes  normal. 

(iv)  Other  acids:  Carbonic  acid  is  present  in  acid  urine  and  car- 
onates  in  alkaline  urine.  Nitric  acid  combined  as  nitrates,  which 
re  not  products  of  metabolism,  but  are  ingested  with  the  food. 

0')  Bases. — (i)  Sodium  in  common  salt  is  used  so  freely  by  many 
s  a  condiment  that  its  excretion  may  vary  within  wide  limits;  5  grams 
er  diem  is  the  amount  given  by  Hopkins  as  an  average.  Parkes  in 
ie  table  (urinary  constituents)  gives  more  than  twice  that  much. 
Tiis  difference  is  undoubtedly  due  to  individual  differences  in  the  use 
f  salt  with  the  food.  This  metal  is  excreted  mostly  as  a  chloride, 
lut  also  as  a  sulphate  and  a  phosphate. 

(ii)  Potassium  varies  very  much  \\ath  the  diet,  being  much  more 
bundant  with  a  meat  diet  than  with  a  vegetable  diet. 

(hi)  Calcium  and  (rv)  Magnesium  are  both  present  in  considerable 
juantities  in  the  food,  but  as  they  are  in  insoluble  forms  (phosphates) 

small  amount  only  is  absorbed.  These  salts  are  important  in  bone 
laking  and  tooth  development,  and  are,  therefore,  found  in  abun- 
ance  in  both  milk  and  eggs.  Hoppe-Seyler^  found  that  the  excretion 
f  calcium  salts  is  much  more  abundant  during  rest  than  during 
xercise. 

(v)  Ammonium,  when  ingested  as  ammonium  carlx)nate,  is  excreted 
s  urea,  being  dehydrated  in  the  liver.  Incident  to  the  katabolisin 
f  proteins  nascent  II  and  N  are  liberated  and  they  at  onc*e  form 
JII,,  which  in  turn  probably  joins  with  COj  and  11,0  to  form 
mmonium  carbonate,  which  undergoes  in  the  liver  the  same  fate  that 
be  ingested  salt  undergoes.  Ammonia  may  be  joined  to  sarcolactic 
cid  to  form  ammonium  lactate,  which  in  mammals  is  in  turn  changinl 
0  urea,  CO,,  and  H,0,  though  in  birds  it  is  changed  to  uric  acid  by 
lie  liver. 

If  IICl  be  fed  to  a  dog,  ammonia,  which  would  under  normal 
onditions  appear  as  urea,  is  uscni  by  the  system  to  neutralize  the  acid, 
bus  decreasing  the  NH^Cl  of  the  urine. 

1  ^Uch.  f.  phygiol.  Chem.,  1891,  3d.  zv.,  S.  161;  quoted  by  Hopkins. 
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2.  THE  PROCESS  OF  URINARY  EXCRETION. 

a.  Olomemlar  Excretion. 

1.  Experiments. — It  has  been  discovered  that  the  nei^t  has,  in 
common  with  several  other  amphibia,  a  double  renal  circulation. 
The  glomeruli  are  supplied  by  the  renal  arteries,  and  the  convolutetl 
tubules  by  the  venae  portae,  branches  from  the  femoral  vein. 

Experiment  (i).  Inject  sugar  (or  any  crystalline  and  easily  diffusible 
substance  into  the  blood).  It  will  reappear  in  the  urine.  Tie  the 
renal  arteries  and  the  sugar  will  cease  to  be  excreted.  Conclusion: 
Sugar  is  thrown  out  of  the  blood  by  the  glomeruli. 

Experiment  (ii).  Inject  urea  into  the  blood.  It  will  lie  excreted. 
l^e  the  renal  arteries  and  the  urea  will  continue  to  appear  in  abnonnal 
amounts. 

Experiment  (iii).  Inject  a  mixture  of  sugar  and  urea.  Both  wll 
Im?  excreted.  Tie  the  renal  artery  and  sugar  will  cease  to  be  excreted, 
but  the  urea  will  continue  to  appear  in  abnormal  amounts;  thus  the 
result  of  experiments  (i)  and  (ii)  are  confirmed. 

\       This  series  of  experiments  was  first  performed  by  Nussbaura. 

\  From  these  experiments,  and  many  others,  we  may  accept  it  as 
inclusively  demonstrated  that  the  glomeruli  excrete  the  water  and 
i^asily  diffusible  salts. 

2.  Factors  Influencing  Olomemlar  Excretion,  (a)  It  Varies 
WITH  Local  Blood  Prkssfre. — But  local  blood  pressure  varies  as  the 
heart  force — terminal  resistance  remaining  the  same,  or  inversely  as 
local  terminal  resistance — the  heart  force  remaining  the  same;  that 
is,  if  the  local  arterioles  dilate  through  the  influence  of  vasodilator 
impulses  the  local  pressure  in  the  capillaries  of  the  glomerule  will 
increase  and  the  volume  of  flow  through  them  will  be  proportionally 
increased. 

{ii)  It  Vauiks  with  thk  Filnkss  of  the  Vascular  Systkm.— 
(i)  Increased  after  copious  drinking  of  water;  (ii)  decreased  after 
copious  perspiration.  Now,  this  decrease  or  increase  of  water 
occurs  without  any  essential  change  in  blood  pressure;  therefon\ 
the  glomeruli  must  have  an  independent  action  other  than  filtration. 

iy)  l)n  rktics  act  by  mothfying  some  one  of  these  factors:  H) 
Digitalis,  by  increasing  heart  force,  (ii)  The  nitrites,  by  causing 
local  dilatation  of  vasa*  afferentia,  and,  therefore,  increased  by  local 
pressure,  (in)  (^affeine  and  many  other  drugs,  however,  stimulate 
i\\v  glandular  activity  of  the  epithelium  of  the  convoluted  tubules, 
and,  therefore,  increase  the  urea,  uric  acid,  etc.,  of  the  urine  Aiithout 
appreciably  varying  the  volume.  Lander  Brunton,  of  Oxfonl,  uip*s 
the  great  importance  of  distinguishing  two  classes  of  dhireties: 
1st,  those  which  stimulate  glomerular  excretion  of  water  and  salt^> 
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and,  2dy  those  which  stimulate  glandular  excretion  of  the  poisonous 
urea,  etc. 

{d)  Velocity  and  Volume  of  Circitlation  as  Active  Factors. — 
Convenient  as  it  is  to  believe  that  the  process  of  glomerular  excretion 
is  one  of  simple  filtration — L  e.,  that  it  varies  as  the  pressure — we  are 
forced  by  numerous  observations  and  experiments  to  believe  that 
some  other  factor  or  factors  are  at  work  in  the  process.  Any  con- 
dition which  increases  the  pressure,  but  at  the  same  time  decreases 
the  velocity,  will  decrease  the  rate  of  excretion  of  water.  A  partial 
occlusion  of  the  renal  vein  has  the  effect  of  increasing  pressure  and 
decreasing  velocity.  A  complete  occlusion  of  that  vein  stops  water 
excretion  and  injures  the  organ,  so  that  a  removal  of  the  occluding 
ligature  is  followed  by  a  copious  excretion  of  albuminous  urine.  It 
is  supposed  that  the  high  pressure  in  the  glomerulus  mechanically 
stops  filtration  by  pressing  the  glomerular  epithelium  against  the 
walls  of  the  Bowman  capsule;  further,  that  this  pressure  and  tension 
on  the  glomerular  epithelium  injures  it  so  that  it  is  no  longer  able  to 
perform  a  selective  activity,  and  lets  serum  albumin  filter  through. 
On  the  whole,  it  is  concluded^  that  it  is  an  increase  in  velocity  and 
volume  of  circulation  rather  than  simple  increase  in  pressure  which 
is  the  essential  factor. 

b.  Olandnlar  Excretion  or  Excretion  by  the  Epithelium  of  the 

Convoluted  Tubule. 

Experiments  of  Nussbaum  produce  practically  conclusive  evidence 
that  the  epitheUum  of  the  convoluted  tubule  is  the  seat  of  the  excretion 
of  urea  and  allied  bodies.  Von  Wittich  observed  that  in  birds,  whose 
urine  contains  little  water,  urates  mav  be  detected  microchemicallv 
in  the  epithelium  of  the  tubules,  but  not  in  the  glomeruli.  If  the 
kidneys  be  extirpated  the  urea  and  allied  bodies  accumulate  in  the 
blood;  therefore,  these  bodies  are  not  formed  by  the  glandular  cells 
of  the  convoluted  tubules;  these  cells  only  "separate  them. out  of  the 
blood"  and  excrete  them.  We  caimot  properly  speak  of  the  secretion 
of  the  urine  of  the  kidneys,  but  rather  the  excretion. 

c.  The  Influence  of  the  Nervous  System  upon  Urinary  Excretion. 

ITie  influence  of  the  nervous  system  upon  the  activity  of  the 
kidney  in  excretion  can  l)e  explained  by  assuming  that  the  fibres  of 
the  renal  plexus  (see  introduction  to  Excretion)  are  vasomotor  and 
not  secretory.  However,  the  detection  of  nerve  endings  among  the 
active  cells  which  line  convoluted  tubules'  leads  one  to  l)elieve  that 
their  action  is  influenced,  perhaps  wholly  controlled,  by  the  nervous 
system. 

1  Hermann's  Handbucb  der  PtiysloloRie,  Bd.  v.,  S.  338. 

>  Berklej,  Johns  Hopkins  Hospital  Balletin,  vol.  iv.,  No.  28,  p.  1. 
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The  kidney  is  influenced  on  the  one  hand  by  local  blood  pressure, 
and  on  the  other  by  the  constituents  of  the  blood.  In  the  case  of  the 
active  cells  of  the  kidney,  as  in  the  case  of  the  intestinal  cells,  we  musl 
ascribe  a  selective  function.  Dextrose  and  urea  circulate  side  by  side. 
The  cells  of  the  ladney  let  urea  pass.  They  do  not  normally  let  any 
appreciable  amount  of  dextrose  pass. 

d,  Smnmary.  ) 

(I)  Water  and  mineral  salts  are  excreted  through  the  glomenilar 
epithelium. 

(II)  Nitrogenous  excreta  are  separated  from  the  blood  by  the 
epithelium  of  the  convoluted  tubules. 

(III)  Glomerular  excretion  is  varied  in  quantity  with  the  velocity 
and  volume  of  the  circulation  of  blood  through  the  glomenilar 
capillaries;  the  velocity  of  the  circulation  depends  in  turn  upon  the 
cardiac  actiWty  and  the  local  dilatation  of  arterioles. 

(IV)  The  rate  of  excretion  by  the  epithelium  of  the  convoluted 
tubules  is  free  from  influence  by  moderate  changes  in  blood  pressure. 
Certain  drugs,  such  as  caffeine,  stimulate  the  glandular  activity  of 
the  convoluted  tubules  and  thus  increase  the  elimination  of  urea, 
uric  acid,  and  related  bodies. 

(V)  The  nervous  system  influences  the  action  of  the  kidney  (i) 
through  vasomotor  fibres  to  the  vessels  of  the  kidney;  (n)  through 
general  cardiac  innervation;  (iii)  through  secretory  fibres  reaching  the 
active  epithelium  of  the  convoluted  tubules  through  the  sympathetic 
system. 

e.  The  Egestion  of  Urine — Bilictiirition. 

The  urine  passes  from  the  pelris  of  the  kidney  through  the  ureters 
to  the  bladder,  where  it  is  retained  until  that  viscus  is  sufficiently 
full  to  stimulate  its  sensory  nerves  and  so  appeal  to  the  consciousness 
of  the  iiidiWdual.  The  act  of  micturition  consists  in  voiding  the 
urine  in  response  to  this  **  appeal  of  nature."  The  act  is  partly 
voluntary  and  partly  involuntar}'.  The  initiatory  act  is  voluntarj' 
and  consists  in  relaxation  of  the  sphincter,  whose  tonic  contraction 
n^tains  the  urine  between  the  egestive  acts.  Once  the  sphincter  is 
n^axcil  the  contraction  of  the  involuntarv  muscular  coats  of  the 
hlaildor  is  sufficient  to  empty  the  \iscus,  though  this  force  may  be 
supi>loincnteil  by  contraction  of  the  abdominal  walls.  The  final  act 
is  the  voluntarv  ci^ntraction  of  the  accelerator  urinr  muscle. 

The  innervation  of  the  bladder  is  from  two  sources:  (i)  From 
the  lower  ili>rsal  and  upper  lumbar  via  the  mesenteric  ganglion  and 
the  hyjH>pa^trie  nerves.  Stimulation  of  these  causes  contraction  of 
the  oinnilar  fil>n\s  of  the  bladder  and  the  sphincter,  (ii)  From  the 
seiH>nd  and  ihinl  sacral   via  the  ner\i  erigentes.     Stimulation  of 
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these   causes    relaxation  .of  the  sphincter  and   contraction  of   the 
detrusor  urinse. 

B,  PULMONAKT  EXCRETION.  V 

Of  the  products  of  excretion  practically  all  of  the  CO2,  about 
one-sixth  of  the  water,  and  minute  quantities  of  certain  organic 
materials  are  excreted  by  the  lungs,  and  leave  the  body  as  exhalations 
from  the  respiratory  organs.  For  the  details  of  this  subject  see 
Respiration. 

C.  CUTANEOUS  EXCRETION. 

Excretion  is  only  an  incidental  function  of  the  skin  and  is  sec*ondary 
to  protection,  to  general  sensation,  and  to  thermolysis.  That  this  is 
true  is  evident  from  the  fact  that  the  sebaceous  glands  secrete  fatty 
products  whose  function  is  to  keep  the  skin  pliable  and  non-absorbent, 
while  the  other  glands — the  sweat  glands — produce  a  fluid  which 
is  almost  wholly  water  and  whose  primary  function  is  the  regulation 
of  heat  by  facilitating  heat  radiation  (thermolysis).  The  reciprocal 
relation  between  the  amount  of  water  which  leaves  the  body  by  the 
kidneys  and  that  which  leaves  the  l)ody  by  the  sweat  glands  is  an 
evidence  that  the  skin  must  not  \w  ignored  as  an  organ  of  excretion. 


1.  THE  SWEAT. 

a.  Oeneral  Characters. 

1.  Quantity. — ^l^he  amount  of  sweat  formed  in  a  day  varies  be- 
tween very  wide  limits;  the  mininuim  being  about  500  grams  and  the 
maximum  being  about  20(X)  grams  for  twenty-four  hours,  though 
it  may  reach  a  rate  of  4000  grams  per  diem  for  an  hour  or  more 
in  an  experiment.  To  collect  the  excretion  for  exj>erimental  purposes 
the  subject's  arm  or  leg  may  l)e  enclosed  in  a  rublx^r  bag;  or  the 
subject  may  be  placed  naked  in  a  ventilated  chaml)er,  as  in  the 
experiments  of  Voit  and  Pettenkoffcr.  In  such  an  expi»riment  Schier- 
beek*  found  with  progressively  increasing  temperature  a  progressively 
increasing  excretion  of  water  and  of  COj. 

1  Areb.  r.  Phytlol.,  Leiptig,  1893,  S.  116 ;  quoted  by  Keid  in  Scbafer's  Text-book,  vol.  i.  p.  671. 
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Excretion  of  H,0  and  CO,  by  Skin  at  Various  TEypsRATUBss  or 

Surrounding  Air. 


Temperature  of 
Chamber. 

H|0  Excretion. 
Grammes  per  hour) 

HfO  Excretion. 

(Grammes  per  24 

hoars. 

CO.  Exeretion. 
(Grammes  ptr 
hour.) 

00,ExflntiM. 
(GfauMipv 

94  howi.) 

20.8OC. 
8O40" 
31.50  " 
«.80" 
33.80'* 
35.40*' 
38w40" 

22.2 
27.8 
71.0 
73.4 
82.6 
106.8 
158.8 

888.8 
067.2 
1726l6 
1701.6 
19814 
2868.2 
88U.2 

0.87 
0.48 
0.87 

ass 

0.87 
1.04 
l.» 

8.8 

8.6 

88 

84 

20l8 

25.0 

285 

2.|The  Specific  Gravity  of  human  sweat  is  from  1003  to  1006; 
the  greater  the  quantity  the  lower  the  specific  gravity. 

3.  The  Reaction  of  sweat  is  acid,  though  when  the  excretion  is 
copious  it  may  become  neutral  or  even  alkaline  in  reaction.  The 
acidity  is  due  to  NaH^PO^.  On  standing  the  reaction  changes  from 
acid  to  alkaline,  due  in  part  to  the  change  of  urea  to  ammonium 
carbonate. 

b.  Chemical  Composition  of  Sweat.^ 

Sweat loaoo 

Water 86.88 

Solids 1.12 


1.  Organic 

(a)  Fats  and  &tty  acids 

(6)  EpiUiellum 

(c)  Urea  and  other  nitrogenous  oompoundi 

2.  Inoi^nic 

(a)  Sodium  chloride 

(d)  Other  salts 


0.66 


0.41 

a  17 
ao8 


0.46 


0.28 

a  18 


1.  The  Organic  Constituents  of  Sweat. — lliese  are  in  excess  of 
th(»  inorganic,  but  not  so  much  in  excess  as  in  the  case  vAih  urine. 

(//)  Thk  P'ats  and  Fatty  Acids  are  largely  derived  from  the 
sccre^tion  of  the  sebaceous  glands,  but  when  the  sweat  is  collected 
from  the*  palm  of  the  hand  it  still  contains  a  small  amount  of  fats 
and  volatile  fatty  acids.  The  reaction  of  the  sweat  is  in  part  due  to 
the  presence  of  fatty  acids,  '^fhe  volatile  fatty  acids  present  are: 
formic,  acetic,  propionic,  butyric,  caproic. 

iji)  TwVs  Epithelium  is  carried  away  mechanically.  The  epithelial 
scales  are  composed  chiefly  of  keratiriy  of  which  sulphur  is  an  impor 
tant  constituent.  This  is  one  of  the  ways  in  which  the  sulphur 
leaves  tlic  body. 

(;)  Urea  and  Other  Nitrogenoi's  Compounds  have  been 
ilenionstrated  by  Argutinsky^  to  Ix*  present  in  the  sweat;  in  one  case 
finding  0.363  grams  of  urea  in  226  c.c.  sweat  collected  in  half  an 
hour.     According  to  Reid  the  nitrogen  excreted  by  the  skin  may 

1  From  Charles'  Physiol.  Cheraistr>-,  p.  349;;  quoted  by  HaUiburton,  Text-book  of  Cbem. 
Phyj*iology.  p.  820. 
«  Archiv  f.  d.  ges.  Physiol.,  1890,  Bd.  xvi.  8.  504. 
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jal  4.7  per  cent,  of  that  by  the  urine.  This  amount  is  greatly 
Teased  in  ursemic  conditions.  Uric  acid,  kreatinin,  etc.,  have  also 
sn  found. 

2.  The  Xnorganic  Oonstituents  of  Sweat.— These  are  made  up 
efly  of  sodium  chloride.  Among  other  salts  are :  potassium  chloride, 
d  sodium  phosphate,  sodium  and  potassium  sulphates,  calcium 
d  magnesium  phosphates,  llie  salts  are  thus  qualitatively  equiv- 
nt  to  those  of  the  urine. 


THE  PROCESS  OF  OUTANEOUS  EXCRETION— PERSPIRATION. 

1.  The  Influence  of  the  Nervous  System  upon  Cutaneous  Excre- 

n. — ^The  sweat  glands  are  provided  with  (a)  secretory  and  (6)  vaso- 
tor  nerves;  the  latter  are  represented  by  both  constrictor  and 
ator  fibres.  The  secretory  fibres  radiate  from  a  centre  (or  probably 
'eral  centres),  in  the  central  nervous  system — cord  and  medulla. 
le  centres  are  stimulated  directly  (i)  by  a  highly  venous  condition 
the  blood;  (ii)  by  a  high  temperature  of  the  blood;  (iii)  from  the 
•ebrum;  (rv)  by  poisons :  pilocarpine,  strychnine,  nicotine,  etc.  The 
itres  are  stimulated  reflexly  by  subjecting  the  sldn  to  a  high 
aperature. 

2.  Factors  which  Cause  a  Variation  in  the  Quantity  of  Perspi- 
don. — ^The  total  perspiration — ^500  grams  to  2  kilograms  daily 
either  evaporates  as  it  is  formed — insensible  perspiration,  or  it 
lects  upon  the  surface  of  the  skin — sensible  perspiration. 

rhe  total  amount  of  perspiration  varies  (i)  with  tlie  temperature 
the  air,  (ii)  with  the  proportion  of  water  in  the  blood,  (iii)  with 
K)d  pressure,  (iv)  >\'ith  the  velocity  of  the  blood  flow,  arising 
lally  from  muscular  activity,  (v)  with  the  activity  of  kidneys 
d  bowels,  (vi)  with  the  state  of  the  emotions,  (vii)  with  general 
;temic  conditions — certain  diseases  are  accompanied  by  profuse 
iphoresis,  (vin)  with  individual  peculiarity,  and  (ix)  with  drugs 
locarpine).  In  'variables  (i)  to  (v)  an  increase  of  the  variable 
jses  an  increase  of  the  perspiration.  In  (vi)  anything  which 
jses  the  skin  to  flush  is  likely  to  be  accompanied  by  perspiration, 
)u^  there  is  a  "cold  sweat"  also  which  may  accompany  fear. 
The  amount  of  sensible  perspiration  will  depend  primarily  upon 
of  the  factors  which  cause  a  variation  in  the  total  amount  of 
rspiration,  and  secondarily  upon  the  condition  of  the  atmosphere, 
ing  increased  by  higher  temperature  and  decreased  by  increasing 
J  capacity  of  air  for  moisture. 


^^J 
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D,  INTESTINAL  EXCRETION. 

Of  the  various  fluids  and  solids  poured  into  the  alimentary  canal 
by  the  surrounding  or  tributary  ^andular  epithelium,  by  far  the 
greater  part  is  to  be  considered  to  be  typically  secretion,  for  it  is 
introduced  into  the  lumen  of  the  canal  to  serve  a  particular  purpose; 
after  ser\'ing  that  purpose  it  may  be  reabsorbed  or  passed  out  with 
the  egesta.  There  are,  however,  certain  substances  which  must  lie 
recognized  as  excretions:  (a)  The  Bile  Pigments:  (i)  Bilirubin;  (ii) 
Riliverdin;  (iii)  Hydrobilinibin  (Stercobilin) ;  (6)  The  Fai4ike  Con- 
stituents of  the  Bile:  (i)  Cholesterin  (C^H^OH);  (u)  Lecithin: 

C,H,  =  (CoH,o-i(),),  —  OPOOH  —  OC,H4\(CH,),OH. 

I^ecithin  and  cholesterin  are  constituents  of  nerve  tissue.  'ITiev 
must  be  looked  upon  as  nerve  katabolites  and  the  liver  the  organ  for 
the  excretion  of  those  katabolites  which  are  peculiar  to  nerve  tissue. 
(c)  Salts.  Certain  salts,  calcium  salts  especially,  of  the  bile  and  of 
other  intestinal  liquids  must  lie  looked  upon  as  on  the  way  out  of 
the  svstem. 


PATHOLOGIC  PHYSIOLOGY  OF  EXCRETION. 

1.  Cellular  Excretion.— All  cells  in  the  organism  have  the  power 
to  rid  themselves  of  particles  that  have  become  useless.  They  do 
this  by  means  of  cilia,  by  amct^boid  movements,  by  a  process  of 
exosmosis. 

2.  Tissue  Excretions. —By  this  we  understand  the  transporting 
of  effete  particles  to  the  specific  organs  of  elimination — i.e.y  the 
spleiMi,  liver,  etc.  This  conveying,  scavenging  function  is  the  duty 
of  the  l^^nph(X'ytes  (small  and  large),  of  the  wandering  and  of  the 
eosinophilic  leukoc}ies.  The  whole  process  bears  the  name  of 
phagocytosis  given  to  it  by  the  ilhistrious  Metschnikoff.  Indeed,  we 
look  ujK)n  internal  tissue  excretory  fimction  as  one  of  the  essential 
factors  in  the  maintenance  of  the  Nital  functions.  This  remarkable, 
almost  (lelilx^rative  sensitiveness  of  the  phagocytic  cells  constitutes 
one  of  the  main  <lefences  of  the  human  economv.  '^These  cells  are 
t!ie  sanitary  jwlicrmen  of  the  Ixxly.  (i)  lliey  carry  pigment  from  any 
source  soever  to  the  liver,  (ii)  "Fhey  attack,  destroy,  and  then  bring 
the  nii(TolH\s  to  th(*  places  of  final  extrusion,  (ill)  They  load  up  the 
lu^avy  metals  vHg,  As,  (^i,  Ag,  Fe.)  and  transport  them  to  the  liver, 
where  they  are  eliminated,  (iv)  They  seize  upon  the  toxin-l)earing 
particles  of  protoplasm  and  rtMuler  them  innocuous  by  their  intenial 
secretion  and  by  disc^harging  them  into  the  liver,  spleen,  glands,  etc. 
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3.  Organic  Excretion. — To  this  function  a  number  of  organs  are 
detailed,  each  of  which  has  its  particular  share  of  the  task,  while  at 
the  same  time  they  supplement  each  other  and  take  on  additional  or 
compensatory  work  as  occasion  requires,  l^he  specific  organs  of 
excretion  are  the  following:  the  liver,  the  kidneys,  the  glands  of  the 
skin,  and  the  epithelium  of  the  alimentary  tract,  especially  that  of 
the  lower  portion. 


A.  RENAL  EXCRETION. 


X.\3 


The  kidneys  are  the  great  excretory  avenues  of  the  lx)dy.  The 
ultimate  phases  of  the  circulation  of  elements  take  place  here.  It 
is  in  the  kidney  where  osmosis  and  selective  epithelium  co-operate 
in  ridding  the  system  of  a  variety  of  substances  which,  if  retained, 
would  injure  the  vital  functions.  Pathologic  physiology  considers 
the  manifold  factors  that  may  harmfully  react  upon  renal  activity,  and 
discusses  the  ways  in  which  such  conditions  may  influence  general 
health. 

The  clinical  recognition  of  renal  disorders  rests  mainly  upon  the 
changes  in  the  urinary  ingredients.  Among  them  the  excessive 
quantity  of  albumin  in  its  several  forms  has  been  thought  to  furnish 
the  keynote  to  the  pathology  of  renal  disease,  l^hen  the  presence 
of  various  foVms  of  casts  was  held  as  a  true  index  of  nephritis.  Lately 
the  chlorides  have  received  a  great  deal  of  attention  as  l^eing  the 
exponents  of  glomerular  activity.  Combined,  these  three  groups  of 
urinary  findings  (albumin,  casts,  and  alteration  in  the  chlorine  output) 
will  enable  us  to  establish  the  diagnosis  of  nephritis,  l^his,  however, 
is  possible  only  when  the  disease  is  well  established.  We  are  as  yet 
not  able  to  recognize  the  morbid  alterations  of  the  kidneys  until  they 
have  done  a  great  deal  of  harm  to  the  system.  And  yet,  long  before 
we  can  gather  enough  evidence  to  convince  a  body  of  scientific 
physicians  of  the  real  existence  of  nephritis  in  a  given  person,  there 
are  a  number  of  foreshadowing,  initial,  or  at  least  strongly  suspicious 
symptoms  which  will  assist  us  to  detect  the  presence  and,  sometimes, 
the  nature  of  inadequate  renal  function;  that  is,  of  renal  insufficiency. 


1.  RENAL  INSUFFICIENCY. 


v^ 


By  this  is  meant  deficient  urinary  depuration.  It  may  l)e  called  the 
early  stage  of  actual  nephritis,  the  prodromal  condition  of  Hright's 
disease,  or  even  of  uraemia.  During  this  condition  of  inade(|uacy  the 
various  renal  alterations  are  in  the  process  of  developing,  and  the 
organs  lag  more  and  more  in  their  physiologic  duties. 

1.  Pathogenesis. — (lenerally  speaking,  any  condition  or  factor 
that  will  damage  one  or  more  of  the  agencies  of  urinary  secretions 
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— that  is,  (i)  the  character  of  the  blood,  especially  its  rate  of  flow;  (n) 
the  epithelium  of  the  glomeruli,  or  of  the  tubules;  (m)  the  vaso- 
motor nerves  controlling  the  adaptation  of  renal  circulation — ^will,of 
course,  \)e  followed  sooner  or  later  by  inadequate  kidney  functioD. 
Toxins  of  internal  or  of  external  origin,  gaining  access  to  the  circula- 
tion in  some  way  or  other,  are  the  main  cause,  lliese  poisons  slowlv 
added  during  a  long  period  to  the  blood  invariably  produce  haitnful 
effects,  although  in  various  ways.  Firstly,  producing  through  the 
vasomotor  centres  increased  blood  pressure,  injuring  thereby  the 
intima  of  the  arteries  and  constituting  the  real  cause  of  arterio- 
sclerosis. Secondly,  upon  the  renal  epithelium  directly,  impairing 
its  selective  activity,  which  will  be  followed  by  the  appearance  in 
the  urine  of  albumin,  very  often  of  casts,  and  different  ill-known 
extractives. 

2.  Pathologic  Physiology.-  (i)  Symptoms  on  the  part  of  the 
(*ardiovascular  system,  arteriosclerosis,  hypertrophy  of  the  heart, 
increased  arterial  pressure. 

(i  i)  The  symptom-complex  is  small  Brighiism  (of  Dieulafoy) ,  cramps 
in  the  calves,  paraesthesias — e,g,,  cold  or  "dead"  finger,  sparks  in 
the  front  of  the  eyes,  dizziness  on  rapid  variation  of  posture,  etc. 

(hi)  The  urinary  vianifestations  of  renal  insufficiency:  polyuria, 
pollakiuria;  the  coloring  matter  or  urine  diminished;  specific  gravity 
is  lowered;  there  is  diminished  permeability  of  the  kidneys  to  methy- 
lene blue;  and,  lastly,  cyclic  or  orthostatic  albuminuria.    (See  latter.) 

(ill)  The  general  symptoms  will  depend  for  their  existence  and 
character  u|K)n  the  presence  or  absence  of  other  morbid  conditions— 
e.g.,  myocarditis,  infectious  disease,  etc. 


2.  ALBUMINURIA.  V  ^\ 


TluTc  is  nornially  a  small  amount  of  albumin  in  the  urine,  recog- 
ni/al>lc%  however,  only  by  special  and  elaborate  testing,  so  that  for 
i\\v  clinician  thert*  is  really  no  albumin  outside  of  the  pathologic 
correction.  The  im{)ortance  of  albumin  in  the  urine  must  under  no 
coiulition  Im*  exaggerated,  because  (i)  its  existence  does  not  furnish 
an  index  to  tlie  severity  or  even  to  the  exact  nature  of  a  given  kidney 
Irsion;  (ii)  the  causes  leading  to  it  are  c*omplex,  multiply,  and  very 
oftcMi  art  siinuhaneously;  (ill)  albuminuria  by  itself  is  not  of  so 
ilelcterions  a  nature  as  the  harmful  substances  occurring  incidental  to 
its  a)>|H*arani'e. 

Mi-oadly  speakinj::,  albuminuria  may  accompany  or  follow  any 
ccMalition  involving  the  glomerular  or  the  tubular  epithelium  which 
intcTftMi\s  with  the  ivnal  einuilation.  Its  source  is  nearlv  alwavs 
tin*  allMnuins  of  the  blood  -stTunudhuniin  and  .serumglohulin— 
altliongh  in  tnany  cases  it  origiiuites  from  the  cellular  and  nuclear 
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protoplasm  of  the  secreting  cells — i.  e,,  nucleoalbumin.  Hereditary 
disposition,  circulatory  lesions,  toxiemias,  and  toxic  infections  are 
the  most  potent  causative  factors  of  albuminuria  as  well  as  of  nephritis 
in  general.  A  deliberate  yet  rapid  survey  of  the  experimental  and 
clinical  facts  known  as  two  main  groups  of  albuminurias  is  as  follows: 

a.  Functional  Albuminuria.         \\  'j 

In  these  cases  we  are  as  yet  unable  to  recognize,  by  means  at  our 
disposition,  lesions  accounting  for  this  phenomenon.  For  some 
reason,  escaping  our  detection  as  well  as  our  speculative  sagacity, 
the  kidney  fails  to  retain  the  albumin  of  the  blood. 

(i)  Albuminuria  in  persons  apparently  in  good  health.  It  is  irregular 
and  intermittent. 

(ii)  Albuminuria  of  adolescence;  in  general,  cyclic  and  intermittent. 

(hi)  Albuminuria,  of  digestive  and  hepatic  origin. 

(iv)  Orthostatic  albuminuria  (linossier)  occurring  in  neuropathic^ 
hereditarily  predisposed  persons. 

These  four  varieties  of  albuminuria  have  been  called  physiologic 
albuminuria  (Ijcube),  cyclic  albuminuria  (Heubner,  Senator),  and 
orthostatic  albuminuria  (linossier-Ijcmoine).  The  complex  term- 
inology indicates  its  main  characters  as  well  as  its  difficult  inter- 
pretation. There  seems,  however,  enough  evidence  to  justify  the 
following  conclusions:  Any  disturbance  of  the  tenaciously  constant 
albumin,  equilibrium  of  the  blood  is  pathologic,  whether  we  find 
clinical  or  post-mortem  lesion  sufficient  to  account  for  it  or  not. 
Moreover,  an  individual  may  exhibit  for  a  long  period  a  morbid 
alteration  of  some  function  or  other  without  being  conscious  of  it; 
that  is,  without  ever  feeling  enough  of  the  disturbance  to  give  rise 
to  subjective  complaints. 

6.  Organic  or  Renal  Albuminuria.     ^^    j 

^rhe  morbid  alterations  reside  mainly  in  the  kidneys,  are  due  to  a 
selective  noxious  action  of  endogenous  or  exogenous  poisons,  together 
with  a  hereditary  instability  of  the  renal  secreting  and  excreting 
structures. 

(i)  Acute  or  infectious  (toxic  infectious)  nephritis  or  irritative 
nephritis.  The  cause  or  causes  are  here  followed  immediately  by 
correspondingly  severe  sjTuptoms. 

(ii)  Chronic  or  permanent  nephritis.  The  albuminuria  in  these 
cases  varies  with  the  state  of  the  n*nal  circulation,  with  the  pre- 
dominance of  glomerular  or  epithelial  lesions. 

Sjrxnptoms  of  Albuminuria. — They  deptMul  upon  the  nature  of 
the  cause  or  causes  inciting  the  lesions  and  upon  the  coexistence  of 
other  morbid  lesions  (see  under  head  of  Urinary  Poisoning) — e.  g., 
cardiac  or  hepatic  lesions. 
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3.  EXCRETION  OF  WATER  AND  8ALT8. 

It  is  now  well  established  that  we  must  distinguish  two  processes 
in  urinary  activity:  (i)  glomerular  function — i.e.,  selective  filtration 
of  water  and  salts,  especially  of  chlorides;  (ii)  epithelial  selective 
function,  partial  reabsorption  of  the  glomerular  secretion,  and  excre- 
tion of  urea,  uric  acid,  and  other  extractives  by  the  epithelium  of 
the  renal  tubules. 

We  have  stated  above  what  factors  influence  the  water  output 
through  the  kidneys,  and  we  so  state  conclusively  that  whatever 
increases  the  watery  constituent  of  urine  also  increases  the  percentage 
of  chlorides.  Both  of  these  substances  are  used  to  maintain  the 
osmotic  equilibrium  of  the  blood  and  tissues;  moreover,  there  seems 
to  be  a  specific  function  of  the  chlorides,  namely,  the  prevention  of 
accumulation  of  toxic  substances.  In  other  words,  they  subsenT 
detoxication.  The  brilliant  investigation  of  Toulouse,  Richet, 
Achard,  H.  Strauss,  Widal,  Cushney,  et  al.,  have  demonstrated  that 
wherever  a  toxic  substance  threatens  the  security  of  the  economy 
the  chlorides  are  dispatched  thither  to  increase  the  molecular  tensions 
of  the  region  thus  affected.  Const»quently  we  witness  a  diminished 
urinary  output  of  chlorides  in  such  conditions  as  fibrinous  pneu- 
monia, oedema  of  cardiac  or  renal  origin,  and  in  certain  latent 
eclamptic  and  uriemic  conditions.  Decrease  of  chlorides  in  the 
food  causes  the  retained  chlorides  of  the  tissues  to  release  their  hold 
upon  them  and  to  be  eliminated  themselves  in  conjunction  with  the 
noxious  substatices  over  which  they  did  guard  duty.  The  gloraerular 
epithelium  is  endowed  with  (wcjuisite  sensitiveness  and  reacts  promptly 
to  all  conditio!is  endangering  or  favoring  the  system.  By  the  artificial 
variation  of  the  osmotic  (juality  of  the  blood  plasma — e,  gr.,  by  with- 
holding the  chlorides  from  the  food  or  by  increased  ingestion  of 
water — we  can  add  verv  materiallv  to  the  elimination  of  toxic  material 
from  the  economy.  A  hvdniria  means  also  a  chloruria,  and  the  two 
together  cotistitute  the  tneans  of  combating  rc»tained  or  newly  pro- 
duced injurious  substances. 

From  the  foregoing  it  is  cNident  that  the  chlorides  preside  over 
the  chemical  regulation  of  the  tissue  fluids.  They  act  rapidly  and 
efficaciously  because  of  their  abundance  and  great  diffusibility. 
Retention  of  chlorides,  as  seen  by  urinary  fluid  findings,  is  a  witness 
of  the  morbid  processes  going  on  in  the  body,  although  no  exact 
measure  of  their  nature. 

4.  ECLAMPSIA.   V  vj 

This  is  a  peculiar,  and  very  frequently  fatal,  intoxication  of  the  sys- 
tem, akin  but  not  similar  to  uraemia,  and  occurs  in  women  either  preg- 
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nant  or  in  the  puerperiura.  Owing  to  the  frequent  abnormal  urinary 
findings  clinicians  and  pathologists  have  attached  it  since  the  dawn 
of  medicine  to  lesions  of  the  renal  apparatus.  Theories  in  regard  to 
its  pathogenesis  have  sprouted  from  the  prolific  heart  and  brain  of 
even  earnest  workers.  They  bloomed  and  in  due  time  faded.  Thus 
the  theory  of  decidua-cell  migratism  (Schmorl). 

'^The  mechanical  theory  of  ureteral  compression  with  anuria 
(Halbertsma)  and  others  have  joined  the  retired  list  of  hypotheses. 
In  fact  we  are  ignorant  as  to  the  real  causes  of  eclampsia.  It  occurs 
mostly  in  young  and  old  primipara?,  but  we  are  as  yet  at  a  lossUo 
recognize  even  predisposing  causes.  The  most  reasonable  views 
are,  perhaps,  these:  (i)  The  fcttus  inhabits  its  mother,  and  has  a 
metabolism  of  its  own  which  may  react  injuriously  upon  that  of  the 
mother.  This  reaction  is  not  unlike  that  of  an  autointoxication: 
failure  to  adapt  itself  to  the  additions  poured  into  the  maternal 
organism  by  a  perverted  foetal  metabolism  produces  an  eclampsia. 
^Vhether  or  not  this  is  expressed  cHnically  and  observed  or  not  does 
not  alter  the  case,  for  only  a  portion  of  eclamptic  mothers  are  treated 
for  it.  (ii)  I'he  neuropathic  element  is  of  great  importance  in  all 
cases  of  eclampsia.  Certain  women  are  predisposed  to  it  by  reason 
of  their  psychic  and  somatic  hereditary  instabiHty.  A  sword  of 
Damocles  is  suspended  over  their  head,  usually  without  their  being 
aware  or  conscious  of  it,  and,  unfortunately,  also  out  of  reach  of 
the  physician.  We  must  confess  that  there  is  no  known  curative 
treatment  for  eclampsia. 


5.  URINART  POISONING.      ^\  ^O 

'^This  is  a  generic  term  which  signifies  the  intoxications  of  the 
system  from  substances  either  generated  in  the  body,  \>ut  improperly 
eliminated,  or  poisonous  materials  produced  dc  novo  from  invading 
microbes,  or  from  perverted  metal)olism  in  other  organs.  Conse- 
quently we  can  separate  urinary  poisoning  into  three  main  varieties 
(Guyon):    ursemia,  urotoxicmia,  and  urosepsis. 

a.  Uremia.    V  ^"^ 

Uriemia  is  to  renal  disturbances  what  acetonannia  is  to  hepatic 
maladies.  It  means  the  circulation  in  the  blood  of  urinary  excretory 
sul)stances.  Vague  as  it  is,  it  is  clearer  and  less  hyp<3thetic  than 
other  terms  invented  to  supplant  it.  It  is  an  aseptic  intoxication 
from  acute  or  chronic  ri?tention  of  urinary  poisons  before  their  pas- 
sage through  the  kidneys. 

In  the  uraemic  syndn)me  intoxication  is  otily  one  factor,  and  it  is 
probable  that  the  perversion  of  some  other  internal,  possibly  renal, 
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secretion  plays  the  main  role.  For  the  development  of  the  dassie 
picture  of  uroemia  we  must  presuppose  a  certain  nervous  disposition 
acquired  or  hereditary.  The  greatest  obstacles  to  early  recognitioD 
are :  (i)  It  may  begin  very  insidiously,  and  may  last  a  long  time 
without  giving  rise  to  any  symptom,  (u)  It  may  be  masked  or 
covered  up  by  symptoms  of  disturbed  digestive,  hepatic,  or  metabolic 
functions,  (iii)  We  do  not  know  exactly  upon  what  external  influ- 
ences the  system  does  react  with  urinary  poisoning.  Be  all  this  as 
it  may,  uraemia  is  always  a  grave,  frequently  fatal,  complication  of 
renal  insufRciency,  and  the  causes  underlying  its  origin  and  character 
are  as  yet  too  intricate  to  admit  of  our  unravelling  them. 

1.  Pathogenesis. — (i)  Intoancation  of  the  system  by  urinary 
poisons  and  malelimination  of  the  potassium  salts  and  urotoxins 
are  the  principal  ones.     (Bouchard.) 

(ii)  Excessive  molecular  concentration  of  body  fluids.  (Korangi, 
Hamburger.) 

(hi)  The  mechanical  theory  of  Traube :  cerebral  oedema  resulting  in 
the  production  of  eclamptic  seizures  due  to  anaemia  of  the  brain 
(Zangemeister  and  Naunyn  also  believe  in  this  theory).  Bouchard's 
theory  satisfies  most  of  all,  although  we  have  not  as  yet  succeeded 
in  isolating  the  real  toxic  urinary  substance.  At  any  rate,  it  Ls 
Bouchard  to  whom  we  owe  the  fundamental  experiments  upon  the 
coefficient  of  toxicity  of  the  urinary  constituents. 

2.  Pathologic  Physiology. — ^The  symptoms  of  uraemia  lean,  on  the 
one  hand,  upon  renal  insufficiency,  and  on  the  other  hand  upon  those 
of  urinary  poisoning. 

They  depend  upon  a  variety  of  conditions :  (i)  Presence  or  absence 
of  infectious  or  other  intoxications — e,  g,,  alcoholism,  morphinism, 
phimbism,  pneumonia,  septicaemia,  etc.  (ii)  Upon  the  previous 
state  of  health  of  the  individual,  (iii)  Upon  the  manner  of  onset 
and  the  rapidity  with  wliich  the  system  is  being  invaded  by  the 
toxins,  (iv)  Upon  the  condition  of  the  nervous  system  of  the  affected 
person,     (v)  Upon  the  manner  of  treatment. 

However,  the  morbid  signs  of  uraemia  may  be  caused  with  usually 
all  or  most  of  the  following: 

(a)  Nkrvoi's  and  Psychic  Disturbances. — ^Hemiplegia,  exag- 
gerated reflexes,  neuritis,  anopsia,  amblyopia,  retinitis,  delusions, 
mania,  depression,  aphasia,  coma,  Cheyne-Stokes  respiration, 
e{)ileptic  seizures,  etc. 

05)  Cardiovascvlar  Symptoms. — Arterial  hypertension,  hj'per- 
trophy  of  the  left  heart,  recurrent  attacks  of  dizziness,  Stokes- Adams 
disease,  decreased  coagulability  of  the  blood. 

(;-)  Gastrointkstinal  Symptoms. — Emesis  (from  excretion  into 
the  stomach  of  toxic  substances — Rostoski),  diarrhoea,  anorexia,  etc. 

(o)  Urinary  Fixdincjs. — Albuminuria  and  casts  occur  often;  they 
are  not  infrequently  absent.     Diminution  of  chlorides,  as  a  rule; 
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mpermeability  to  methylene  blue;  lowering  of  the  water  output  of 
Jie  urine,  sometimes  even  complete  anuria;  appearance  of  acetone 
knd  of  fatty  acids. 

6.  UrotoxsBmia.  *  \A 

We  understand  by  this  term  that  variety  of  aseptic  urinary  poison- 
ng  which  occurs  from  the  resorption  of  toxic  substances  after  their 
)assage  through  the  kidneys. 

Pathogenesis. — It  is  well  known  that  normal  and  abnormal  urinary 
>ro<liicts  can  be  reabsorbed  from  any  portion  of  the  renal  urinary 
ract  beyond  the  secreting  tubules:  pelvis,  uterus,  bladder,  deep 
irethra  especially.  ITiis  form  of  intoxication  occurs  mostly  after 
lurgical  or  other  trauma  to  the  lower  urogenital  tract:  catheterization, 
>perative  interference  upon  bladder  or  prostate,  etc.  Although  it 
)ccurs  in  predisposed  individuals,  urotoxaemic  or  urinary  sapraemia 
s  attached  more  closely  to  its  causes  than  the  other  two  varieties; 
t  begins  with  them,  and,  if  existing  alone,  usually  ends  soon  after 
he  cessation  of  its  cause  or  causes. 

c.  Urosepsis,     v     ■ 

Urosepsis  is  infection  of  the  urinary  tract  in  any  of  its  portions. 
It  is  a  toxic  infection  very  frequently  accompanied  by  toxa?raia  or 
inemia.  A  special  hereditary  predisposition  is  not  necessary  here. 
ITie  pathogenic  microbes  gain  access  to  the  urinary  channels  and 
reservoirs  from  within  or  from  without.  They  elaborate  a  toxin 
ivhich  if  resorbed  produces  the  more  or  less  complete  picture  of 
septiciemia  or  of  septicopyeemia. 

1.  Pathogenesis. — ^The  modtis  operandi  of  the  causative  factors  is 
^asy  of  explanation-^!,  e.,  invasion  by  pathogenic  organisms;  pro- 
luction  and  absorption  of  toxins.  Whether  or  not  association  of 
nicrobes  play  a  decisive  role  here  cannot  as  yet  be  definitely  stated. 
ITiere  are  a  number  of  predisposing  factors  influencing  the  onset, 
lature  and  course  of  urosepsis.  Thus  (i)  any  obstacle  to  the  flow 
>f  urine  in  any  part  of  the  urinary  tract  invites  and  facilitates  the 
jrowth  of  bacteria — e.  g.,  stricture,  stone,  enlarged  prostate,  uretero- 
iiydronephrosis  from  any  cause,  (ii)  Morbid,  particularly,  suppura- 
tive processes  in  the  organs  or  tissues  adjacent  to  the  urinary  tract — 
?.  jr.,  prostatitis,  appendicitis,  metritis,  perineal  abscess,  orchitis,  etc. 
(ill)  Secondary  infection  of  urinary  organs  from  a  primary  focus 
in  any  part  of  the  system — e.g,y  osteomyelitis,  mixed  infection  from 
suppurative  foci,  etc. 

2.  Pathologic  Physiology  of  Urosepsis.— The  symptoms  of 
urinary  septic  or  infectious  intoxications  are  the  same  as  those  occur- 
ring from  infectious  suppurating  processes  anywhere  els(»  in  the  lx)dy. 
But  they  are,  as  a  rule,  associated  with  urannic  or  urotox«»mic 
•ivmptoms.    Cx)nsequently  the  symptom-complex  of  urinary  scepsis  is  a 
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protean  one  and  does  not  admit  of  close  analyzing,  because  morbid 
causes  aid  each  other  as  well  as  do  physiologic  functions. 

d,  (Edema. 

(Edema  implies  the  presence  of  a  watery,  lymph-like  substance 
in  the  tissues  or  cavities  of  the  body.  It  has  always  been  considered 
in  connection  with  pathologic  alterations  of  excretion.  ITieories 
regarding  the  genesis  of  oedema  are  constantly  l>eing  constructe<l, 
and  to-day  the  same  problems  agitate  the  minds  of  scientific  physicians 
as  fifty  years  ago.  The  osmotic  and  the  molecular  concentration 
theories  have  gained  in  weight  in  recent  years.  But  animal 
experiments  have  not  yielded  the  results  expected,  and  clinicians, 
as  in  former  years,  are  the  ones  to  furnish  us  the  most  facts.  The 
mechanical  theory  of  Ludwig  and  the  filtration  theory  of  Heidenhain 
contain  each  one  part  of  the  truth,  and  to-day  we  know  a  third 
factor — the  vital  activity  of  the  endothelia  of  lymph-  and  blood- 
vessels. 

If  we  consider  deliberately  the  fact  that  oedema  does  occur,  often, 
and  from  various  causes,  but  always  at  times  when  the  security 
of  the  organism  is  threatened,  we  cannot  help  asking  the  question 
why  does  it  occur?  Again,  when  we  licar  in  mind  that  oedema  occurs 
not  only  at  special  occasions,  but  also  in  special  places,  we  ask 
ourselves  in  all  sincerity:  Why  does  oedema  occur  here  and  not  at 
some  other  place? 

The  thinking  student  will  remember  that  there  is  nothing  purpose- 
less in  nature.  The  fact  that  ci^dema  occurs  under  certain  conditions 
must  also  have  some  significance.  He  may  thus  arrive  at  the  con- 
clusion that  (t^dema  is  one  of  the  protective  defensive  measures  of 
the  l)ody  against  toxic  influences,  and  what  he  may  have  been  fighting 
with  all  his  ingenuity  has  turned  out  to  be  his  ally.  The  disturbances 
of  excretion  mulerlying  cedema  are  usually  present  a  long  time 
In^fore  i\\v  actual  transudation  occurred.  \^Tiy,  now,  does  (edema 
occur  at  certain  places,  and  what  determines  its  localization? 

It  occurs  at  places  most  in  tieed  of  protection ;  that  is,  where  absorp- 
tion of  noxious  substances  is  likely  to  occur  if  this  hygienic  meas- 
ure is  not  taken.  The  nervous  system  plays  a  very  important  role 
in  the  localization  of  (t*dema.  The  segmental  or  metameric  distribu- 
tion advanced  by  Hrissaud  certainly  betokens  the  active  part  taken 
l)y  tlie  nervous  system  in  dispatching  anlematous  fluids  to  a  certain 
region.    (Merklen,  Widal.) 

I .  Pathogenesis. — There  are  a  numl)er  of  causative  factors  in  the 
{)r()(hicti()n  of  (edema  which  may  act  singly  or  conjointly,  as  a  rule 
th(*  latt(*r.  Karnest  en(juiries  into  the  pur|X)se  of  the  existence, 
localization,  etc.,  of  (edema  shows  it  to  us  as  a  means  of  defence, 
and  it  is  a  priori  evident  that  the  pathogenic  factors   must  co-operate 
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in  order  to  produce  this  phenomenon.  These  factors  are  the  fol- 
lowing: 

(i)  Alterations  in  the  osmotic  pressure,  or  water-absorbing  jxjwer 
of  the  tissues,  from  retention  of  crystalloids  {e,  g.,  NaCl?),  formation 
of  acids^  etc. 

(ii)  Decrease  of  the  collateral  pressure  of  the  tissues  surrounding 
the  nutrient  vessels  (Cohnheim),  which  may  or  may  not  he  accom- 
panied by  increased  intracapillary  pressure.  ITiis  accounts  for  the 
early  occurrence  and  recognition  of  oedema  in  ill-nourished  and 
dependent  parts  of  the  body  (ankles,  legs,  eyelids).  ITiis  would, 
in  a  measure,  also  include  the  occurrence  of  pulmonary  oedema  as 
explained  by  Welch,  whose  views  are,  however,  not  accepted  by 
Senator,  Merklen  and  ChauflFard. 

It  is,  nevertheless,  a  fact  that  oedema  is  very  rare  in  the  healthy, 
tonic,  elastic  tissues  of  a  vigorous  individual. 

(ill)  Increased  pemieabUity  of  the  capillary  walls  from  chemical, 
physicochemical,  and  nervous  causes  (toxins,  venous  stasis,  vasomotor 
relaxation). 

(rv)  Ijapairment  of  the  mechanism  of  absorption ;  compression  of  the 
lymphatics  from  any  cause;  impairment  of  the  endothelial  cells. 

(v)  Nervous  influences  contribute  powerfully  to  the  production  of 
oedema.  This  mode  of  action  certainly  exists,  although  we  have  no 
direct  proof  of  it. 

2.  Pathologic  Physiology  of  (Edema. — It  is  necessary  to  group  the 

symptoms  accompanying  anlema  into  several  gn)ups: 

(i)  ITiose  due  to  mechanical  disturbances  from  the  accumulated 
fluid:  dyspnoea,  compression  of  viscera,  impediment  to  the  move- 
ments of  the  lungs  and  especially  of  the  heart. 

(ii)  Those  symptoms  due  to  the  underljing  cause*  of  cedema— -r.  g., 
of  nephritis,  loss  of  cardiac  compensation,  latent  un^mia  atid  urinary 
poisoning,  etc. 

(ill)  Those  due  to  the  absorption  of  (edematous  fluid:  delirium, 
nervous  excitement,  sopor,  etc.  Lastly,  we  nuist  lH»ar  in  mind  that 
death  in  cases  of  oedema,  even  of  anasarca,  is  caused,  as  a  rule,  by 
the  underlying  cause  or  causes.  Moreover,  tht»  morbid  symptoms 
ne<*essarily  vary  with  the  localization,  the  extent  atid  variety  of  adema, 
as  well  as  with  the  general  resistance  of  the  individual. 
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CHAPTER    IX. 

THE  SKIN:  ^PHE  DERMAL  SYSTEM. 

INTRODUCTION. 

1.  SUMMARY  OF  THE  MORPHOLOGIC  FEATURF>S  OF  THE  DERMAL 

SYSTEM     THE  HISTOGENESIS  AND  HISTOLOGY  OF  THE  SYS- 
TEM. 

2.  THE  GLANDS  OF  THE  DERMAL  SYSTEM. 

THE  PHYSIOLOGY  OF  THE  DERMAI.  SYSTEM. 

1.  protection. 

2.  thermolysis. 

3.  excretion. 

4.  rf:spiration. 

XNTBODUCTION. 

The  skin  may  be  looked  upon  as  an  organ.  Those  structures 
intimately  associated  with  the  skin,  both  histogenetically  and  function- 
ally, may,  with  the  skin  proper,  be  called  the  Dermal  System. 

This  system  of  organs  represents  histogenetically  epiblast  proper 
and  dermal  mesenchyme;  the  former  giving  origin  to  those  tissues 
and  organs  which  are  distinctively  dennal,  and  the  latter  furnishing 
the  substratum  upon  which  these  distinctive  structures  are  built  or 
supported.  Functionally  the  dermal  system  is,  par  excellence^  the 
system  of  external  relaiwn^,  which  fact  has  a  definite  relation  to  the 
histogenesis,  the  epiblast  coming  from  the  ectoderm  of  the  gastrula. 
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].  SUMMARY  OF  THE  MORPHOLOQIC  FEATURES  OF  THE 
DERMAL  SYSTEM. 


Fnmi  11  pliysi(ili)gif   stanil)M)int    the   following  points   n-piftlii^ 
tin-  structure  of  the  skin  and  its  aasoriatetl  organs  are  of  irapon»Dce:| 
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ITie  dermal  system  of  organs  involves,  without  exception,  (a) 
mesenchymal  tissues  as  foundation,  and  (b)  an  epiblasUc  surface  as 
superstructure. 

a.  The  Dennis,  or  Oorinm. 

T/k  Mesenchyme  may  be  represented  by  the  dose-felted  coriuro 

with  its  bloodvessels  and  lymph  vessels;  by  the  dentine  of  a  tooth,  or 

by  the  dense  transparent  substance  of  the  cornea.    (See  Fig,  205,  e,  /.) 


SecUoD  of  tbe  tkln  (dlacramnutllc),    (Unr' 


The  mesenchymic  dermis,  or  true  skin,  is  everywhere  beset  with 
minute  papillte  (Figs,  20')  and  2(>(i).  The  papillie  are  very  vascular 
and  through  more  or  less  specializeil  nerve  endings  they  are  espe- 
cially .sensitive  {Fig.  20(1).  These  papilln'  are  variously  modified  in 
structure  in  different  parts  of  the  dermal  system ;  they  form  the  basis 
of  a  hair  follicle;  they  form  the  Imsis  of  the  nails  and  of  teeth.  AVithin 
them  are  located  the  special  tactile  corpuscles.  In  a  further  modi- 
fication  they  form  the  lingual  papilla-  (7- v.).     The   marketl  vascu- 
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larity  of  the  papillic  facilitates  the  support  of  the  tissues  which  we 
associated  with  them  in  the  formation  of  hair,  nails,  teeth,  etc.  The 
nerve  supply  ensures  the  extreme  sensitiveness  of  the  dermal  tissues 
enumerated^ — teeth,  hair,  nails— but  it  is  the  root  or  matrix  which  is 
sensitive,  hair,  not  the  niul,  or  tooth  itself. 

The  epiblast  may  be  represented  by  the  cuticle  of  the  sIqd,  bj 
the  imbricated  scales  which  compose  a  hair,  by  the  active  celb  of 
the  cutaneous  glands,  by  the  enamel  of  the  teeth,  or  by  the  delicate 
cuticle  which  covers  the  cornea  or  the  tympanic  membrane.  (See 
l-'ig.  20.5,  a,  b,  e,  d.) 

b.  The  Epidermis. 

The  epibla.st  presents  a  series  of  layers  whose  cells  are  generated 
by  karyoldnesis  at  the  surface  of  the  conum  from  the  columnar  or 
cuboidal  cells  of  the  stratum  Malpighii.  The  constant  formatioD  of 
new  cells  at  this  level  pushes  out  the  older  cells  which,  throu^  loss 
of  water  and  through  other  phy^cal  and  metabolic  changes,  die  and 
become  insensible,  homy  scales.  The  particular  form  and  afSicga- 
tion  of  these  homy  scales  differ  much  in  different  locations.  On  the 
general  cutaneous  surface  they  are  simply  dry  scales  whidi  are 
constantly  shed;  on  the  hair,  teeth,  or  nails,  there  is  an  accumulatioD 
which  takes  a  distinctive  form  and  which 
^      Fia.  20S        ^  serves  as  an  organ  of  protection,  defence 

m  f  e  or  offence,  and  is  only  periodically  shed 
or  is  worn  off  to  keep  pace  with  growth 
(or  conversely).  In  the  case  of  man  the 
hair  and  nails  are  usually  artificially  cared 
for,  the  occupation  of  man  not  usuallv 
wearing  the  growth  away  fast  enough. 


2.  THE  GLANDS  OF  THE  DERMU 
STSTEU. 

I.  Protective  Glands. — The  Sebawooi 
Qlanda  an;  present  over  the  whole  surfare 
of  the  Ixtdy  except  the  soles  of  the  feet. 
the  palms  of  the  hands,  the  dorsal  .surface  of  the  third  phalanges. 
(See  Fig.  20!).)  'Hte  ducts  of  the  glands  open  at  the  roots  ol  the 
hairs  on  all  hairy  surfaces,  but  on  the  lips,  the  prepuce,  and  the 
corona  of  the  glans  penis  the  diict.s  open  free  upon  the  surface.  The 
secretion  of  the  sebaceous  glands  is  called  .sebum. 

Hpe<'iali7*d  fomis  of  the  sebaceous  glands  are :  (i)  PrepiUiai  glands, 
who.se  secretion — the  xmrgma  prepittH. — differs  from  sebum  in  con- 
taining substances  which  give  it  a  characteristic  odor.      Musk  is 


Piwr  or 

hun 

nan    b 

lalr.    (Magul- 

(torn 

B,  ill  n[ili. 

?al  s 

Mllon 

m.  medulU, 

'm 

been 

expelled  by 

fan«dii  baluui. 

lafet.) 

THE  DERMAL  SYSTEM 


647 


from  the  preputial  gland  of  the  musk  deer,  (u)  Aiud  glands, 
which  ate  only  slightly  modified  in  the  human  subject,  may  be 
stion^y  modified  in  other  mammalia.  In  the  otter,  hyena,  and  civet 
the  anal  glands  secrete  a  modified  sebum 
which  serves  for  sexual  attraction.  In  the 
skunk  the  secretion  serves  for  defence,  (iii) 
The  Meibomian  glands  are  slightly  modified 
sebaceous  glands  which  open  upon  the  edge 
of  the  eyelid;  the  oily  surface  thus  produced 
prevents  the  overflow  of  tears,  (iv)  The 
Vropygial  Gland  of  birds  is  a  specialized 
sebaceous  gland.  Tlie  oil  which  it  secretes 
is  spread  upon  the  feathers  by  the  bird  and 
serves  to  protect  the  feather-coat  against  ab- 
sorption of  water,  (v)  The  Lacrymal  Gland, 
whose  secretion  keeps  the  delicate  mucous 
membrane  of  the  conjunctiva  moist  and  freed 
from  dust,  belongs  to  the  dermal  system  and 
to  the  protective  glands  of  that  system, 
though  morphologically  they  are  more  closely 
related  to  the  salivary  glands. 


Section  of  portion  of  wba- 
OKHu  BUnd  rroiD  honuD  acalp, 


2.  S.cr.tory  Ql«ld..-The  m.m™.r,  SSTpS-.m 
glands,  unquestionably  dermal  glands,  may  a,  membntn»  pn>pru :  b,  per- 
have    been    derived     phylogenetically    from  iphe™!Ureroroiiboi<i.iceiii[ 

.      1       J          Ti_                 i-        «             J         J  .L  e.olementa  In  which  f»ttjrmet- 

sweat  glands.     ITie  secretion  formed  and  the  .„,orphc»i.  !■  begmmna:  i. 

method  of  its  formation  make  the  lactiferous  ceii»Bii«i  with  auj  ptrudtB 

riands  clearly  analogous  (if  not  homologous)  '"^  eiti'Mfng  "»'*«■  '"•"- 

f                             ■"                  1         1            ,f.           T      1   .■  celluUpne«worki;i,  nuBlelof 

to    the   sebaceous  glands.      (See    IjacUawn,  ceiii.  (Pienoi.j 
under  Reproduction.)      Pigeons  possess  lac- 
tiferous ^ands  which  are  clearly  sebaceous  glands  and  are  tribu- 
tary to  the  crop.    This  "pigeon  milk"  contains  fat,  a  protein  clotting 
with  rennet,  globulin,  salts,  and  water. 

3.  Excretory  Glands.— The  sweat  glands  (Fig.  207).  See  Cula- 
[i€ou»  Excretion,  page  529  et  aeq. 


THE  PH7SI0L0GT  Of  THE  DERMAL  ST8TEM. 
1.  PROTECTION. 


ITie  skin,  being  the  organ  of  external  relations,  mu-st  necessarily 
stand  between  the  general  organism  and  its  environment. 

a.  The  Nerres  of  the  Skin. 

'JTie  skin  is  provided  with  .sensory  nerve  ends;  this  tends  to  pro- 
tection  in  putting  the  animal  on  guard  against   various  ilangers. 
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Some  of  these  sensory  areas  are  highly  specialized — e.  g.,  the  cornea 
and  lens  admitting  light  to  the  retina;  the  taste  buds — ^facilitating 
the  access  of  solutions  to  the  gustatory  nerves;  the  moist  nasal  epiblast 
facilitating  the  influence  of  odors  upon  the  olfactory  nerves. 

b.  Dermal  Protective  Structures. 

The  skin  is  provided  with  various  structures  for  special  protection 
against  mechanical  injury — e.g.,  the  nails  protect  the  finger-tips 
and  toe-tips;  hair  protects  the  organism  against  mechanical  injurj' 
— witness  its  cultivation  for  that  purpose  by  football  players— it 
serves  a  more  important  office,  however,  in  protection  against  cold. 
In  this  connection  may  be  mentioned  the  further  protection  of  the 
eye  by  the  lids  whose  periodical  winking  during  working  hours 
and  continued  closing  during  sleeping  hours  serve  to  protect  the  eye 
against  dust  and  drying.  The  eyelashes  protect  the  eye  against 
bits  of  solid  matter  that  might  otherwise  strike  the  eye.  The  brows 
shed  off  the  perspiration.  All  of  these  protective  structures  are 
dermal.  The  teeth  are,  however,  more  distinctly  prehensile  and 
offencive  than  defencive;  though  the  dermal  teeth  of  sharks  are 
defencive  and  protective  and  the  oral  teeth  are  the  homologues  of 
the  dermal  teeth. 

c.  The  Sebaceous  Olands. 

The  skin  is  provided  with  oil  glands  or  sebaceous  glands  whose 
function  is  to  secrete  oil  for  the  hair  and  cuticle,  keeping  both  soft 
and  pliable  and  especially  non-absorbent.  As  indicated  in  the 
intro(luction,  the  oil  glands  may  take  various  specialized  forms,  as 
for  oflFence,  defence,  or  sexual  attraction.  The  chemical  composition 
of  the  sebum  is  not  verv  well  known,  because  the  normal  cutaneous 
secretion  is  not  formed  in  sufficient  quantity  for  analysis.  The 
cheesy  contents  of  a  distended  sebaceous  cyst  consist  of  water  31.7 
per  cent.,  epithelium  and  nucleoalbumin  61.7  per  cent.,  fat  4.2  per 
cent.,  fatty  acids  1.2  per  cent.,  salts  1.2  per  cent.  In  the  typical 
secretion  the  proportion  of  fat  and  fatty  acids  is  probably  ni"ch 
greater,  and  that  of  epitheHum  and  nucleoalbumin  much  smaller. 
The  fat  consists  of  a  mixture  of  glycerin  fats,  with  whose  composition 
the  reader  is  familiar,  and  of  cJiolesterin  fats.  Cholesterin  is  a  raon- 
atomic  alcohol  having  the  formula  C27H^50H-f  HjO.  Cholesterin 
fat  of  palmitic  acid  is  Cllg-  (CH^),,— COO-C„H,5.  The  fatty  aciis 
consist,  according  to  Schmidt,  of  butyric,  valeric,  and  caproic  acids. 
It  is  to  the  fattv  acids  that  the  secretion  owes  its  distinctive  odor. 
Free  choleftfrrin  and  isocholcsterin  are  present. 

Two  especially  interesting  facts  regarding  the  sebum  are:  First, 
the  cholcHfcrhi  fats  rcjiist  putrefacfion — i.  e.,  they  resist  the  use  of  the 
skin  OS  a  culture  p'rld  for  bacteria.     Second,  the  homology  of  the 
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mammary  glands  with  the  sebaceous  glands  receives  an  extra  element 
of  probability  in  the  fact  that  the  nucleoalbumin  of  the  sebum  is  casein. 


2.  THERMOLYSIS. 

The  common  cutaneous  surface,  with  its  vascular  cutis  vera  and 
its  sweat  glands,  forms  the  organ  of  Ther7n/}lysis.  Just  how  the 
skin  governs  the  rate  of  heat  elimination  is  discussed  in  full  under 
Animal  Heat. 

3.  EXCRETION. 

ITiird  in  importance  among  the  functions  of  the  skin  is  excretion. 
Here  is  an  instance  where  an  excretion  performs  an  important  oflSce 
incident  to  its  final  exit  from  the  body.  Every  gram  of  water 
which  evaporates  on  the  surface  of  the  skin  eliminates  682  calories 
of  heat,  or  takes  that  much  away  from  the  body. 

It  is  evident  that  Excretion  and  Thermolysis  are  intimately  asso- 
ciated. The  greater  the  occasion  for  free  evaporation  of  water 
incident  to  thermolysis,  the  greater  the  excretion  of  water  by  the 
skin.  But  if  there  is  a  given  amount  of  water  to  be  eliminated  from 
the  system,  it  is  evident  that  the  other  water-eliminating  organs 
must  give  off  correspondingly  less  water.  Such  is  the  case;  after 
profuse  perspiration  the  urine  is  less  voluminous  and  more  highly 
colored.  G)nversely,  a  marked  decrease  of  perspiration  will  be 
occasion  for  a  marked  increase  of  the  volume  of  urine,  which  will 
be  more  watery.  Not  only  is  there  a  reciprocity,  there  is  also  a 
vicarious  relation  between  skin  and  kidneys.  When  one  is  disabled 
the  other  performs  as  much  as  possible  of  the  function  of  the  dis- 
abled organ. 

4.(RESPIRATI0N. 

In  many  of  the  lower  animals,  particularly  in  amphibia,  the  skin 
is  an  important  organ  of  respiration.  The  moisture  of  its  surface 
facilitates  the  exchange  of  gases  by  diffusion  in  these  animals. 

In  the  higher  vertebrates  respiration  is  an  unimportant  function 
of  the  skin. 


CHAPTER    X. 

SENSATION:    INTRODUCTION. 

A.  GENERAL  SENSATION. 

1.  SUBJECTIVE. 

2.  SUBJECTIVE-OBJECTIVE. 

Common  Sensation. 
(o)  Hunger, 

(b)  Thirst. 

(c)  Suffocation, 

(d)  Fatigue, 
(«)  Pain. 

(/)  Shivering 
(g)  Tickling, 
ih)  Sexual  Sensation. 

3.  OBJECTIVE. 

I.  The  Tactile  of  Pressure  Sense. 
II.  The  Posture  Sense. 

(o)  Sense  of  Equilibrium. 
(6)  Muscular  Sense, 
III.  The  Temperature. 

H,  SPECIAL  SENSATION  (OBJECmVE):  THE  SPECIAL  SENSKS 
IV.  Smell. 
V.  Taste. 
VI.  Hearing. 
VII.  Sight. 

INTRODUCTION. 

Every  animal  organism  is  provided  with  organs  which  make 
tlie  cerebral  sensory  centres  cognizant  of  certain  conditions  and 
changes  of  tlie  environment.  In  other  words,  certain  conditions 
of  the  environment  act  as  stimuli  to  more  or  less  specialized  peripheral 
organs.  The  effect  of  a  stimulus  is  transmitted  along  an  afferent 
nerve  to  the  brain,  where  it  so  affects  the  cerebral  centres  as  to 
cause  a  consciousness  of  the  stimulus — a  sensaiion.  Through  inter- 
central  action  between  the  sensory  centres  and  the  higher  cerebral 
centres  the  animal  sums  up  the  sensations  received  from  an  object 
making  a  complete  conscious  'perception.  An  interpretation  of  per- 
ceptions producing  not  only  a  mental  picture  of  an  object  and  its 
properties,  but  giving  the  animal  an  idea  of  the  relation  of  the  object 
under  consideration  to  other  objects,  is  called  a  conception. 
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>te  that  a  conscious  sensation  involves  aUeniion;  that  perception 
ves  memory;  and  that  conception  involves  reason.  The  clearness 
le  sensation,  perception,  and  conception  is  proportional  to  the 
ition,  memory,  and  reasoning  involved  in  them.  Sensation 
Ishes  the  foundation  for  all  higher  forms  of  menUd  activity. 
le  ectoderm  is  the  embryonic  layer  which  gives  rise  to  the  per- 
*al  organs  of  sensation  as  well  as  to  the  sensorium.  The  special- 
epithelium  of  the  sense  organs  is  from  the  epiblastic  division  of 
ectoderm,  while  the  sensorium  is  from  the  neuroblastic  division 
at  layer. 

will  be  profitable  at  this  point  to  express  in  tabulated  form  the 
ions  between  the  specific  stimuli  of  the  environment,  the  more  or 
specialized  peripheral  sense  organs  which  receive  the  stimuli  and 
pecial  sensations  aroused  in  the  sensorium. 

OWING  Relations  between  Stimuli,  Sensory  Nerve  Endings, 

AND  Sensations. 


1 

1      Qkitkbal 
Stimuu. 

,     Special 
Stimou. 

'  Sknboby  Nbbtb  Endinqs. 

1 

Sbmsation. 

1 

A.  Gbnbral 
Sknration. 

1                    1 

,  Filamentous  endings.         | 

m 

1 

1 

1 

,  Mechanical 

1 
Thermal 

1 
1 

'    Pressure 
1 
, ,  Tension 

1  Heat 

TacUle 
cells 

1 

1 

I    TacUle 
corpuscles 

Simple 
compound 
or  corpuscle 
.    of  Qrandry 

Spherical 
end  bulbs     1 
Genital  cor- 
puscles 
uelssner's 
corpuscles    j  • 

AtUthcMeeHve  mnMo- 
turn. 

a.  Hunger. 

5.  Thirst. 

e.  Suffocation. 

d.  Fatigue. 

e.  Pain. 

/.  Shivering, 
o.  Tickling. 
h.  Sexual   sensa- 
tion. 

1 

1 

Ot^eeHve  9en9aHon. 

ions 
be 
on- 
it 

1 

1 

1 

1 

1 

1 

1 

1 
1 

'  End  bulbs 

1 

1 

r  Cylindric     i 
end  bulbs 
Pacinian       1 
corpuscles 

I.  Tactile  or  pres- 
sure sense. 
II.  Posture  sense, 
a.  Muscular 

sense. 
6.  Sense  of 
equilibrium. 
III.  Temperature 
sense. 

1 

1 

1 

B  THiSPxaAL 

Sbnsis. 

'    mIdlSr*  }    Ollkctory  nerre  endings      , 

IV.  Smell. 

.Chemical 

1 

' 

1 
1 

1  ^med\um    }    0"»^to>7  nerve  endings 

V.  Taste. 

;^»^ }  ^oo-o  { "sKf"ss~'""''i : 

VI.  Hearing. 

VibraUonof  ) 
imponder-     > 
able  matter  j 

•    Light 

Optic  nenre  4 

endings :  retina 

VIL  Vision. 

)te  that  there  is  a  departun*  from  the  time-honon*d  classification 
e  .senses  as:   "Five:    Feeling,  taste,  smell,  hearing  an<l  seeing." 
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The  first  one  of  these  has,  under  careful  investigation,  been  resolved 
into  several  distinct  senses,  one  classification  of  which  is  given  in 
the  table. 

Sensory  nerve  endings  may  be  classified,  on  the  basis  of  structure, 
into  specialized  and  non-specialized.  The  specialized  nerve  endings— 
those  enumerated  in  the  table  below  the  dash — ^are  those  whidi 
seem  to  be  especially  adapted  structurally  for  response  to  particular 
stimuli.  For  example,  the  structure  of  the  retina,  exceedingly 
complex  and  highly  specialized,  seems  to  be  especially  adapted  to 
receive  the  light,  while  the  organ  of  Corti,  just  as  complex,  seems 
to  be  especially  adapted  to  receive  sound.  Moreover,  the  retina  is 
sensitive  to  light  only  of  all  the  stimuU  of  the  environment,  or  if 
there  is  a  response  to  any  other  kind  of  energy  it  always  affects  the 
sensorium  as  light.  In  the  same  way  sound  alone  of  all  the  stimuli 
of  the  environment  affects  the  organ  of  Corti.  Another  structural 
distinction  is  found  in  the  fact  that  the  speciaUzed  nerve  endings  are 
all  located  in  particular  organs  also  especially  adapted  to  receive  the 
special  stimulus;  for  example,  the  refractive  media  of  the  eye  focus 
the  light  upon  the  retina,  and  the  muscles  of  the  eye  direct  the  organ 
toward  the  source  of  light.  The  non-specialized  nerve  endings  are 
more  or  less  widely  distributed  over  the  surface  of  the  skin  and 
mucous  membranes.  They  are  not  located  in  specialized  organs 
and  are  not  evidently  adapted  to  receive  special  stimuli.  It  may  be 
that  the  **  tactile  cells  and  corpuscles"  are  the  end  organs  of  touci 
and  muscular  sense,  and  it  may  be  that  the  filamentous  endings  or 
the  end  bulbs  are  the  end  organs  of  the  temperature  sense;  but 
these  distinctions,  if  they  exist,  remain  yet  to  be  demonstrated. 

Sensations  may  be  classified  into  three  categories  on  the  basis  of 
the  source  of  the  stimulus : 

1.  Sensations  which  are  the  immediate  result  of  the  reaction  of 
the  organism  to  the  conditions  of  the  environment :  pressure  sense, 
posture  sense,  temperature  sense,  smell,  taste,  hearing,  \Tsion. 
Because  these  sensations  are  caused  by  objects  wholly  outside  of 
the  organism  they  are  called  Objective  Sensations. 

2.  Sensations  in  which  the  immediate  source  of  the  stimulus  is 
within  the  organisms,  though  the  ultimate  source  is  in  the  environ- 
ment. An  example  of  this  class  of  sensations  is  hunger.  Something 
within  the  organism  produces  a  conscious  call  for  nourishment. 
This  may  be  so  urgent  as  to  occasion  considerable  discomfort, 
merging  into  actual  pain  if  not  satisfied.  The  ultimate  cause  of 
hunger  is  in  the  environment,  but  the  stimulus  cannot  be  classified 
with  the  general  or  special  stimuli  enumerated  in  the  foregoing 
table. 

Thirst  and  fatigue  also  l)elong  clearly  to  this  class  of  sensations. 
Pain  and  sexual  sensations  may  belong  to  this  class  or  to  the  preceding. 
In  these  two  sensations  the  stimulus  may  be  mechanical  and  may  be 
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traced  more  or  less  iramediately  to  the  environment.  This  class  of 
sensations  may,  for  want  of  a  more  concise  term,  \ye  called  Aufo- 
objective  Sensations. 

3.  Sensations  which  accompany  dreams,  hypnosis,  hysteria,  and 
various  states  of  the  central  nervous  system,  and  which  merge  from 
the  perfectly  normal  into  the  pathologic.  These  sensations  are  just 
as  real  to  the  subject  as  are  the  objective  sensations,  but  an  observer 
traces  no  connection  to  an  external  stimulus,  or  any  condition  of  the 
environment.  Such  sensations  are  called  Subjective  Sensations.  They 
partake  of  the  nature  of  a  memory  of  previous  sensations,  but  they  are 
more  than  that.  A  subjective  sensation  is  an  actual  re-experiencing 
of  a  former  sensation. 


THE  PHYSIOLOGY   OF   SENSATION. 

A.  GENERAL  SENSATIONS. 

The  term  general  sensations  is  used  to  include  a  class  of  sensations 
excluded  by  the  well-defined  special  senses — i.  e.,  the  general  senses 
are  those  with  no  specialized  peripheral  organs. 

1.  8UBJE0TIVE  GENERAL  SENSATIONS, 
lliis  class  of  sensations  has  been  sufficiently  discussed  alx)ve. 

2.  AUTO-OBJEOTIVE  SENSATIONS. 

For  the  definition  of  this  class  see  the  Introduction. 

a.  Hunger,     b.  Thirst,    c.  Suffocation. 

These  three  sensations  are  nature's  admonitions  to  supply  the 
organism  with  solid,  liquid,  or  gaseous  nourishment.  The  greater 
the  urgency  for  satisfaction  of  the  need,  the  greater  the  discomfort 
when  it  is  not  satisfied.  '^The  animal  organism  can  live  only  a  short 
time  without  oxygen,  ^^^len  the  supply  of  oxygen  is  cut  off  the 
sensation  of  suffocation  begins  within  a  few  seconds  and  increases 
rapidly  in  intensity,  passing  very  soon  into  a  paroxysm  of  the  most 
agonizing  pain,  ending  in  convulsions  and  death  if  the  need  is  not 
supplied. 

Next  to  oxygen  in  urgency  is  the  need  for  water.  If  there  is  little 
perspiration  the  thirst  may  l)e  mild  for  twenty-four  hours.  As  s<M)n 
as  the  sensation  of  thirst  becomes  thoroughly  fixed  u|X)n  the  con- 
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sciousness  of  the  animal  nothing  can  dislodge  it.    The  discomfort 
becomes  more  and  more  intense  until  death  supervenes. 

The  animal  organism  can  do  without  food  for  many  weeks  if  all 
activity  can  cease.  Bears  hibernate  for  several  months.  Indians 
accustom  themselves  to  forty-eight-hour  and  seventy-two-bour  fasts  in 
order  to  be  able  to  endure  without  much  discomfort  the  exigencies  of 
war  and  the  chase.  To  those  who  are  accustomed  to  three  r^ar 
meals  each  day  the  missing  of  one  meal  is  likely  to  cause  considerable 
discomfort,  but  the  feeling  is  one  of  emptiness  rather  than  of  real 
hunger.  If  one  fill  the  stomach  with  water  the  discomfort  soon 
disappears  and  real  hunger  begins  to  appear  in  a  variable  time  after- 
ward. Hunger  and  thirst  are  in  the  healthy  individual  infallible 
signs  of  the  needs  of  the  organism.  These  senses  may,  however, 
become  perverted,  or,  at  least,  the  actual  sensation  may  be  mis- 
interpreted. For  example,  a  child  with  an  overfilled  stomach  may 
call  for  more — Shaving  misinterpreted  the  vague  feeling  of  discomfort 
in  the  gastric  region  for  hunger. 

d,  FatifiTue.    e.  Pain. 


These  two  sensations  apprise  the  organism  of  overstimulation. 
Moderate  overstimulation  is  followed  by  a  feeling  of  fatigue.  Nature 
is  requesting  a  rest.  Excessive  overstimulation  leads  to  a  feeling  of 
actual  pain.  Nature  is  demanding  a  rest.  ITie  most  usual  occurrence 
of  weariness  is  after  muscular  or  nervous  activity;  the  most  usual 
occurrence  of  pain  is  after  stimulation  of  some  of  the  peripheral  end 
organs  by  some  of  the  external  stimuli :  pressure,  tension,  heat,  cold, 
chemical  energy,  sound  or  Ught.  But  pain  may  be  a  purely  subjective 
sensation,  having  no  apparent  connection  with  objects  outside  of  the 
organism,  but  arising  from  certain  conditions  in  the  central  nervous 
system.  Some  painful  sensations  may  be  accurately  localized,  while 
others  are  localized  in  a  most  general  way  only.  The  more  acute  the 
tactile  sense  of  a  part,  the  more  accurate  the  localization  of  pain  in 
the  part.  Pain  is  the  most  general  of  all  sensations.  Some  contend 
that  there  is  a  special  set  of  nerves  to  convey  the  sensation  of  pain 
together  with  certain  other  sensations.  But  the  fact  that  every 
sensation  of  which  the  brain  may  be  conscious  and  every  activity  of 
which  the  organism  is  capable  may  be  accompanied  by  pain,  and 
the  fact  that  abnormal  conditions  of  the  system  may  be  accompanied 
by  pain,  make  it  highly  improbable  that  any  particular  set  of  nerves 
is  to  be  looked  upon  as  pain  nerves. 

/.  Shivering,    g.  Tickling,    h.  Sexual  Sensation. 


These  sensations  have  certain  features  in  common.  They  all 
l)egin  in  definite  objective  sensations  and  partake  of  the  nature  of 
ajter'Sensation,     If  the  cold  points  of  a  considerable  area  are  stim- 
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lated  so  that  the  superficial  tissues  become  chilled,  the  shivering 
insation  is  induced.  Once  started,  it  is  likely  to  continue  some  time 
fter  the  local  reaction  has  occurred.  Moreover,  the  sensation 
equently  occurs  when  there  is  no  objective  cause — i.  e.,  it  may 
Eive  its  origin  in  the  central  nervous  system,  l^ckling  sensation 
usually  caused  by  a  light  stimulation  of  the  tactile  nerve  endings, 
lit  in  many  individuals  the  sensation  may  be  aroused  by  ''make- 
jlieve"  movements  on  the  part  of  another,  or  even  an  active  imagi- 
ition  may  induce  the  sensation.  Tickling  may  have  its  origin  in 
le  central  nervous  system.  Sexual  sensation  may  be  stimulated 
iripberally  by  mechanical  stimuli,  or  centrally.  In  fact,  the  most 
fective  stimulus  is  the  central  one.  If  the  stimulation  be  carried  to 
le  point  of  the  final,  culminative  sensation  (orgasm),  this  is  to  be 
oked  upon  as  the  indirect  after-sensation  and  not  the  direct  objective 
msaiian,  and  it  is  the  indirect  after-sensation  which  belongs  to  the 
itegory  of  the  heading. 
• 

3.  OBJEOTIVE  SENSATION. 

Preliminary  to  a  discussion  of  the  general  sensations  of  the  periphery 
ne  may  profitably  review  the  structure  of  the  sensory  nerve  endings, 
'hese  endings  may  be  classified  as  simple  and  complex.  The  simple 
re  called  filamentous  and  are  distributed  to  the  skin,  cornea,  mucous 
lembranes,  and  tendons.  (See  Fig.  210.)  The  complex  sensory  nerve 
tdings  represent  three  genera:  tactile  cells,  tactile  corpuscles,  and 
ad  bulbs.  Figure  211  represents  tactile  cells.  The  tactile  cells 
iffer  from  the  filamentous  endings  in  having  a  discoidal  termination 
ssociated  with  a  slightly  modified  epithelial  cell.  Another  form  of 
tctile  cell  lies  within  the  epidermis  of  the  mammalian  or  avian  skin. 
Tote  the  disks  and  the  two  or  three  cells  enclosed  in  a  sheath. 

The  tactile  corpuscles  are  located  in  the  corium  of  skin  and  mucous 
lembrane.  The  spherical  end  bidbs,  shown  in  Fig.  212  are  found 
I  the  conjunctiva  and  other  mucous  membranes  of  man.  The  genital 
rrpusdes  are  found  upon  the  glans  penis,  the  glans  clitoris,  and  other 
ssociated  surfaces  in  mammals  in  general.  The  tactile  corpuscles  of 
leissner  are  located  in  papillae  of  the  corium  upon  the  palms  of  the 
ands,  the  soles  of  the  feet,  and  upon  the  volar  surfaces  of  fingers  and 
)es  in  man.  The  complex  internal  structure  of  these  bodies  is  shown 
I  Fig.  213.  There  can  be  little  doubt  that  these  specialized  sensory 
erve  endings  are  the  organs  of  touch,  if  it  is  admissible  to  call  them 
rgans.  Of  the  several  species  of  end  bulbs  only  one  will  be  given — 
le  Pacinian  body  (Fig.  214.)  These  structures  are  widely  distrib- 
ted  in  mammals.  They  occur  in  subcutaneous  tissue  along  the 
erves  supplying  the  skin,  especially  of  the  hands  and  feet,  the 
ictemal  genitalia,  the  joints  of  the  extremities,  periosteum  of  certain 
ones,  and  the  peritoneum. 
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The  various  structures  just  described  receive  at  the  perif^ 
various  sensations.    The  fact  that  the  tactile  corpuscles  of  Mmsiw 


Ith  capeule.    (Szjmon 


iirc  most  numerous  in  those  locations  where  the  tactile  sense  is  nn 
acute  justifies  the  concliisioii  that  these  stnictures  repre.sent  periphe 
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Dtl  organs  lor  mechanical  stimuli,  but  does  not  justify  the  conclusion 

hat  none  of  the  other  sensory-nerve  endings  respon<l  also  to  various 

aeebanical  stimuli.    It  is  probable  that  some  of  the  endings  described 

espond  to  mechanical  stimuli  and  some  to  thermal.    The  mechanical 

timuli  may  be  furtJier  subdivided;  some  of  them  in  the  form  of 

■ressure  affect  the  cutaneous  and  articular  surfaces,  while  others  in 

he  form  of  varying  tension  affect  the  tendons  and  muscles.     The 

liemial   stimuli  are  also  to   be  „     „, 

ubdivided :  liodies  lower  in  tera- 

erature  than  the  skin  stimulate 

ertain  nerve  endings,  while  bodies 

f  higher  temperature  stimulate  M'  i 

tber  nerve  endings       Whether  iW'/A 

lese  nerve  endings  differ  from 


^mple  iphOTtokl  cud  bulb  from  tbe  hamui 

ilUtcd  Dene  fibre  wbleb  diMppeui  within 
e  wpanle.    (Alter  Kntiue.) 


Uelnoer'a  corpUKle  fmn  taaiiiKii  rarinm. 
a,  upper  portion,  In  wblcb  tbe  epilbellal  celli 
kIods  kre  rcpnaented.  Tbe  nuclei  of  tbeae 
cellB  Kt«lD  tbe  brotder  perlptaenl  ponion  of 
Ibo  CTloplum.  b,  nerre  dendrite  colled  about 
the  epIthelJBl  oelli;  c.  nerrt  flbra.  |Babm  uii1 
Dkridoff.l 


«rh  other  structurally  as  well  as  functionally  or  differ  only  function- 
lly  is  unknown.  In  short,  the  sensations  classified  in  the  above  table 
>.  .')51)  are  the  result  of  the  stimulation  of  some  one  or  more  of  the 
•nsory  nerve  endings  enumerated  in  the  opposite  brace;  this  is  all 
lat  can  be  said  with  certainty  at  present. 

T.  THE  TAOTILI  8EKSE:   THE  SENSE  OP  TOUCH. 

In  man  this  sense  is  most  acute  in  the  finger-tips,  the  lips,  and 
le  tongue.  In  quadrupeds  the  sense  is  most  acute  in  the  lips, 
jngue,  or  proboscis.  ITiis  sense  alone  brings  to  one  only  an  idea 
f  the  state  of  the  substance — whether  it  is  solid,  Hquid,  or  gaseous; 
f  the  surface  of  a  solid^whether  it  is  smooth  or  rough,  and  if  the 
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latter  the  particular  character  of  the  roughness;  whether  it  is  oily  or 
sticky,  or  whether  it  is  bounded  by  curved  surfaces  or  by  pluies, 
edges,  or  angles,  or  a  combination  of  these  features.  The  character 
of  a  liquid  may  be  determined,  whether  it  is  hght,  limpid  like  water, 
or  heavy  like  mercury,  or  whether  it  is  gelatinous,  viscous,  slimjr.or 
oily.  The  only  character  of  a  gas  that  appeals  to  the  tactile  mecbanisin 
is  the  negative  one  that  it  affords  no  resistance  to  the  movements  oF 
hands  or  fingers.  The  sum  of  the  knowledge  which  may  he  deiiiTti 
through  touch  alone  is  greater  than  that  which  may  be  derived  throuj^ 
any  other  one  sense.    Experience  derived  from  both  touch  and  si^ 


Itilun  rorpiiKle  rrom  tbe  niesetiter;  or  tbe  cat.    (Si^niDnuwi 


will  enable  one  to  infer  from  Ughts  and  shades  and  lustres  what  toucii 
would  definitely  reveal.  One  instinctively  verifies  these  inferences  bv 
touching  the  object  with  the  fingers. 

'Hie  tactile  sense  is  u.sed  in  two  different  ways:  first,  to  announce 
to  the  central  nervous  system  when  some  resistant  object  touches  tbe 
surface  of  the  Ixidy;  second,  to  investigate  the  properties  of  certain 
objects  of  the  environment.  In  the  first  the  organi.sm  is  pas.sive;  in 
the  second  it  is  active.  The  first  is  a  means  of  protection,  the  second 
a  means  of  adding  to  one's  knowledge.  A  similar  ciassi  float  ion  of 
function  may  be  made  for  all  of  the  objective  sensations.    In  serving 
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3  first  one  of  these  purposes  the  tactile  mechanism  must  be  able  to 
ferentiate  stimulation  of  different  portions  of  the  periphery.  It 
not  enough  to  know  that  some  sharp  point  is  touching  the  surface 
the  body,  but  to  avoid  injury  it  is  important  to  know  just  where 
5  point  is.  This  is  accomplished  by  what  is  called  the  power  of 
xdizaium.  Through  this  power  the  central  nervous  system  is 
nscious — e.  ^.,  that  in  a  particular  location  a  sharp  point  is  touching 
e  periphery.  This  knowledge  enables  the  organism  to  protect  itself 
>m  unnecessary  injury.  The  tactile  mechanism  is  also  endowed 
th  the  power  to  estimate  pressure.  ITiose  portions  of  the  skin  most 
ute  in  their  tactile  sensibility  are,  at  the  same  time,  most  acute 
their  power  of  localization,  but  not  in  their  power  to  estimate  press- 
e.  lliis  has  led  to  two  methods  of  testing  the  tactile  sense:  one 
measure  the  power  to  estimate  pressure,  and  the  other,  the  power 

locaUzation. 

To  test  the  pressure  sensibility  one  places  upon  a  certain  cuticular 
ea  a  series  of  weights  of  exactly  the  same  surface  of  contact  and 
)proximately  the  same  temperature.  Such  experiments  have 
vealed  the  facts  that  the  parts  most  sensitive  to  pressure  are  the 
rebead,  the  temples,  the  back  of  the  hand,  and  the  flexor  surface 

the  forearm.  In  these  localities  2  mgm.  can  be  felt,  while  the 
iger-tips  cannot  feel  a  weight  of  less  than  5  to  15  mgm. 
Regarding  the  power  to  differentiate  increments  in  the  weights 
led  as  stimuli  it  may  be  said  that:  the  greater  the  initial  stimvltLS  the 
eater  the  increment  must  be  in  order  to  be  discernible.  This  is  the 
isis  for  Weber's  law :  "  The  amount  of  stimulus  necessary  to  provoke 
perceptible  increase  of  sensation  always  bears  the  same  ratio  to  the 
mount  of  stimulus  already  applied.'*  Fechner  studied  this  same 
t)blem  and  reached  similar  results,  which  he  formulated  in  his 
psychophjrsical  law":  "The  intensity  of  sensation  varies  ivith  the 
yarithm  of  the  stimulus.'*  That  is,  if  a  series  of  stimuli  represent 
e  intensities  10  :  100  :  1000  :  10,000,  the  sensations  would  represent 
e  intensities  1  :  2  : 3  : 4.  These  laws  hold  in  the  main  for  medium 
imulation ;  for  very  light  or  very  strong  stimulation  they  do  not  hold, 
e  sensation  being  more  acute  for  moderate  stimuli.  Another  law  of 
'eber*  may  be  thus  formulated :  //  tuH)  equal  weights  liave  different 
eas  of  contact,  the  one  thai  touches  the  larger  surface  feels  the 
Winer. 
The  acuieness  of  touch  and  the  pouter  of  localizaiion  is  tested  by  use 

the  sesthesiometer,  which  is  similar  to  a  pair  of  dividers  or  to  a 
*aughtsman's  compass.  In  using  the  instrument  the  points  are  lightly 
uched  to  the  surface  of  the  skin.  The  greater  the  acuteness  of 
ctile  sense,  or  the  more  acute  the  power  of  localization,  the  nearer 
e  points  may  be  brought  together  and  yet  be  felt  as  two  points. 

1  Hermann's  Handbuch  der  Physiologie,  Hd.  iii.  2,  S.  336. 
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Beyond  a  certain  minimum  distance  the  points  can  no  longer  be 
distinguished  as  two,  but  feel  like  one  point. 

The  following  table  shows  results  of  tests  which  were  made  to 
determine  whether  all  points  are  equally  sensitive  and  especially 
whether  symmetrically  located  points  on  the  same  individual  are 
equally  sensitive. 

Showing  variations  of  symmetrically  located  points  on  the  same 
individual.    From  this  table  one  is  justified  in  three  inferences: 

1.  Symmetrically  located  points  in  the  human  body  may  not 
possess  the  same  acuteness  of  tactile  sensation. 

2.  There  is  a  very  great  variation  in  the  acuteness  of  sensation 
in  different  parts  of  the  cutaneous  surface  of  the  same  individual. 

3.  The  more  acute  the  tactile  perception  of  a  part,  the  more  likely 
it  is  to  vary  in  acuteness  from  its  laterally  homologous  point. 

Table  I.  of  Tactile  SENSiBiLnr. 


IndlTidnal  A. 

IndlTidnal  B. 

Point  of  ObMrration. 

Bight 

Left 

Rl^i. 

Ufl 

Tip  of  Tongue. 
Palm  of  8d  PhftUnx. 

1.2  mm. 

1.2  mm. 

1.2  mm. 

1.2  ■& 

2.0 

2.5 

2.00 

1.5 

••      •«  2d       " 

8.75 

3.25 

8.6 

16 

Tip  of  Nose. 

5.5 

6.5 

8.0 

6L9 

9.0 

11.0 

9.9 

M 

Back  of  Hud. 

16.0 

20.0 

17,0 

219 

Forearm. 

24.0 

24.0 

42.0 

419 

Stemam. 

82.0 

82.0 

42.0 

419 

Back. 

66.0 

66.0 

77.0 

77.9 

Tests  upon  a  number  of  individuals  yielded  the  results  recorded 
in  Table  II.,  sliownng  not  only  the  variations  of  tactile  sensibility 
in  differtuit  parts  of  the  same  individual,  but  also  the  variations 
of  different  individuals. 
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Table  II. 
;>£GR££s  OF  Tactile  Sensibility  or  Cutaneous  Surface  of  Body. 


Portion  of  the  Bodj  Testod. 

Man. 
mm. 

B07«tl8. 
mm. 

Woman, 
mm. 

Man. 
mm. 

ODgoe. 

of  aoraam  of  tongae 

.7 

1 

.6 

.8 

1.1 

1.1 

1. 

1.6 

>f  bard  palate. 

1.6 

4. 

2.8 

1.1 

ip  (red  BorflRce). 
lp(  "       ••      i 

7 

2.1 

1.7 

2.1 

1.8 

1.2 

1.0 

8. 

lose. 

4. 

2. 

1.2 

2.0 

Iiin. 

«. 

6. 

6. 

2.8 

Ter  malar  booet. 

S. 

4. 

4. 

6.0 

ear  (rentral  sarfacc}^ 

4.0 

6.7 

8.2 

0.6 

entral  aurface). 

8. 

4.1 

8.1 

0.6 

loraal  sarfMe). 

2.2 

8.7 

1.8 

0.4 

iteral  aarfkce). 

2.2 

8.2 

2.9 

0.4 

d. 

0.1 

4.9 

4.8 

0.2 

flnfera. 

1. 

1.1 

1.4 

1. 

BorfMe  of  second  phalanges  of  fingers. 

1.1 

2. 

8.8 

1.6 

♦*       '•       "           ••         "    ••       (transreiBe). 

*•         "    "     (longltadinal). 

0. 

8.2 

8.6 

1.1 

7.0 

8. 

6.1 

0. 

sarfsce  of  band. 

2.1 

8.2 

4.2 

2.8 

bTVOtbenar  eminences. 
,  ofband  (longitudinal). 

.8 

2.1 

4.2 

2.2 

0.6 

4.8 

6.0 

8.6 

mrfiMe  of  forearm. 

0.7 

4.0 

0.8 

0. 

"      "  upper-arm. 

4.8 

4.7 

0.8 

0.2 

>  ofband  (transverse). 

4.7 

2.8 

4.2 

6. 

mrfaoe  forearm. 

8.8 

8.2 

4.0 

2.8 

inrfiue  upper-arm. 

0.8 

4.7 

4.0 

1.7 

t  of  foot 

12. 

10. 

19. 

24. 

mrCMe  of  thigh  (transTcrse). 

86. 

80. 

84. 

88. 

dorsal  region, 
saoral    ^' 

10. 

28. 

21. 

80. 

88. 

8& 

87. 

4D. 

80. 

28. 

81 

82. 

oerrical  region. 

sal  recion  (OTer  spl^e). 

80. 

82. 

89. 

87. 

18. 
10. 

16. 
18. 

18. 
17. 

10. 
11. 

Tioal  * 

12. 

14. 

10. 

10. 

surfkce  thigh  Oongitudlnal). 

64. 

07. 

61 

69. 

II.  justifies  the  following  conclusions: 
tre  is  very  great  variation  in  the  acuteness  of  perception  in 
parts  of  the  same  individual. 

;re  is  considerable  variation  in  the  acuteness  of  tactile  per- 
n  different  individuals. 

en  the  points  determine  a  line  which  is  transverse  to  the 

limb  they  may  be  distinguished  as  two  at  a  much  smaller 

than  is  the  case  when  the  line  is  p^,rallel  to  the  axis  of  the 

;  tactile  sense  is  best  developed  in  persons  whose  senses  in 
ire  well  developed:  for  example,  Mr.  Z.,  a  laboring  man, 
pared  with  Miss  X.  in  twelve  points  of  observation,  and 
^rmly  excelled  him.  But  not  in  tactile  sense  alone  did 
excel  Mr.  Z.    Her  scn.se  perceptions  in  general  were  more 

".  farther  one  goes  from  the  tips  of  fingers,  toes,  or  tongue 
icute  is  the  tactile  perception. 

;  least  sensitive  parts  of  the  lx)dy  are  those  subject  to  more 
onstant  pressure;  the  epidermis  is,  in  such  locations,  very 
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7.  '^l^'he  tactile  sensibility  is  much  more  acute  on  all  flexor  surfaces 

than  upon  the  corresponding  extensor  surfaces.     For  evidence  see 

Table  III. 

Table  III. 

Flexor  Surfaces, 

Over  Pectoralis  Major. 

Umbilical  Reffion. 

Neck  (Ventral). 

Arm. 

Forearm. 

Wrist 

Thigh. 

Leg- 
Average. 


ErteMor  Swfam, 

20  mm. 

Over  Scapala. 

32  "MW- 

18     " 

Dorsal  Bmoo. 

58  " 

11     " 

Neck  (doraal). 

15  " 

15    " 

Arm. 

17   " 

7     " 

Forearm. 

11   " 

7     " 

Wrist 

9   " 

46     " 

Thigh. 

53  " 

9     " 

Leg. 

15   " 

16.5 


25.6 


II.  THE  POSTURE  SENSE. 

The  organism  is  provided  with  a  mechanism  through  which  it 
is  made  continually  conscious  not  only  of  the  general  position  of  the 
body  in  space,  but  of  the  relative  position  of  different  parts  of  the 
body.  The  consciousness  of  general  position  in  space  is  called  the 
sense  of  equilibrium;  the  consciousness  of  the  position  of  different 
parts  of  the  body  is  inseparable  from  muscular  sensation,  and  is 
probably  incidental  to  it.  These  two  sensations  together  give  the 
organism  a  clear  consciousness  of  its  position  or  posture — i.  e.,  gives 
the  Posture  Sensation. 


a.  The  Sense  of  Equilibrium. 


The  maintenance  of  equilibrium  is  of  prime  importance  Iwth  in 
animal  locomotion  and  in  all  positions  of  rest,  except  that  of  al)solute 
relaxation  in  a  recumlx»nt  position.  The  whole  mechanism  of 
ccjiiilibrium  includes  the  nicely  adjusted  muscular  action  required 
to  hold  head  and  body  poised  upon  the  base  of  support,  and  it 
includes  the  sensation  necessary  to  make  the  central  nervous  system 
cognizant  of  any  disturbance  of  the  poise.  This  sensory  part  of 
the  mechanism  is  the  one  now  imder  consideration.  The  principal 
end  organ  of  ecjuilibrium  seems  to  be  the  system  of  semicircular 
canals  comiccted  with  the  inner  ear.  If  this  were  the  onlv  end 
organ  the  sense  of  equilibrium  might  probably  he  classed  a.s  a 
special  sense.  But  the  complete  sensation  of  equilibrium  is  a  com- 
bination of  sensations  from  various  sources;  it  might,  in  fact,  be 
called,  rather,  a  perception  of  equilibriurrij  rather  than  a  simple  sensa- 
tion. (See  Introduction, p.  550^/  seq.)  The  sensory  nerves  from  the  soles 
of  the  feet  (from  the  ischial  skin  when  sitting),  from  the  muscles  and 
tendons,  from  the  articular  surfaces,  and  from  the  eyes  all  bring 
sensations  which  contribute  to  the  general  sensation  or  percepiion  oj 
equilibrium.    If  any  part  of  the  mechanism  is  disabled  the  equilib- 
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rium  is  in  part  impaired.  ITie  parts  intact  may  by  especial  activity 
eover  the  deficiency  in  the  mechanism,  but  though  the  maintenance 
of  equilibrium  may  be  apparently  perfect  the  sense  of  equilibrium 
is  not  perfect. 

In  this  place  we  may  discuss  those  features  of  the  semicircular 
canals,  which  especially  fit  them  for  end  organs  for  the  perception 
of  the  position  of  the  axis  of  the  body  in  space.  Fig.  215  shows 
the  membranous  labyrinth  with  its  three  canals,  two  saccate  struc- 
tures, and  the  cochlea.  Note  (i)  that  each  canal  has  an  enlargement 
near  one  end — the  ampulla;  (ii)  that  the  three  canals  lie  in  different 
planes. 

Fig.  216  gives  Waller's  diagram  showing  certain  important  space 
relations  of  the  canals.  Note  (iii)  that  the  superior  canal  of  the  right 
side  lies  in  a  plane  parallel  to  that  of  the  posterior  canal  of  the  left 
side,  while  the  left  superior  plane  is  parallel  to  the  right  posterior 
plane,  and  the  two  horizontal  planes  are  parallel;  (iv)  that  the  six 
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Fig.  216 


Membranous  labyrinth:  C9i.  semicircular 
canal;  U,  utriculus:  S,  sacculus;  A,  aque- 
duct (^  Testibule ;  Cr,  ductus  reuniens ;  Oo, 
cochlea. 


R 


I     • 

Diagrammatic  horisontal  section  through 
the  head  to  illustrate  the  planes  occupied  by 
the  semicircular  canals.    (Waller.) 


planes  represent  the  three  dimensions  of  space;  (v)  that  the  ampulla' 
of  any  pair  of  parallel  canals  are  at  opposite  extremities  of  the  canal 
— e.  jr.,  the  ampulla  of  the  left  superior  canal  is  opposite  to  the  ampulla 
of  the  right  posterior  canal.  Each  ampulla  contains  a  ridge  (crista 
acustica)  surmounted  by  long,  delicate  bristles  which  are  epiblastic 
in  their  origin.  These  bristles  are  borne  by  specialized  epithelial 
cells  each  of  which  is  intimately  connected  with  a  branch  of  the 
vestibular  nerve.  ITie  bristles  are  really  agglutinated  structures, 
each  formed  of  several  fibrilla?.  The  saccule  and  the  utricle  art» 
each  provided  with  a  small  specialized  surface  similar  to  that  of 
the  crista. 

If  the  head  or  the  whole  Ixxly  he  n)tate(l  upon  its  antemposterior 
axis  in  the  direction  fn)m  left  to  right,  the  endolyiiiph  of  the  right 
horizontal  canal  will  flow  toward  the  ampulla  of  the  canal  where 
the  pressure  would  incn*a.se,  while  the  endolymph  of  the  left  hori- 
zontal canal  will  flow  away  from  the  ampulla  of  that  canal,  tending 
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to  decrease  the  pressure.  According  to  the  hypothesis  of  Cnim- 
Brown,  fairly  confirmed  by  experiment,  this  difference  of  pressure  is 
the  efficient  stimulus.  Other  movements  of  the  head,  or  of  the  body 
as  a  whole,  affect  other  pairs  of  semicircular  canals  in  a  way  similar 
to  that  indicated  above. 

Through  this  mechanism  and  its  centre  in  the  cerebellum  the 
individual  is  made  conscious  of  every  position  and  every  change  of 
position  of  the  head  in  space.  If,  in  an  animal,  one  of  the  semi- 
circular canals  be  opened,  the  animal  has  the  sensation  which  accom- 
panies fall  of  pressure  in  that  canal,  and  makes  efforts  to  compensate 
it  by  **  forced  movementSy**  which  really  carry  the  animal's  body  in  the 
direction  opposite  to  that  in  which  it  feels  it  is  turning.  Such  observa- 
tions have  seemed  to  confirm  the  hypothesis  of  Crum-Brown,  which 
is  now  generally  accepted.  Lee*  looks  upon  the  saccule  and  utricle 
as  the  organs  of  static  equilibrium,  in  which,  when  the  animal  is  at 
rest,  the  weight  of  the  otoliths  under  gravitation  stimulates  the 
maculre  acusticte.  The  fact  that  in  fishes  these  structures  are  highly 
developed  seems  to  confirm  Lee's  hypothesis,  for  in  these  animals 
there  is  no  supplementary  cutaneous  stimulation  like  the  solar  or 
ischial  stimulation  in  man,  and  the  fish  must  depend  entirely  upoD 
these  structures  for  its  sense  of  position. 

b.  The  Muscular  Sense. 

Supplementary  to  the  sense  of  position  in  space  is  the  sense  of 
muscular  tension.  If  one  stand  erect  and  as  still  as  possible  ^ith  the 
heels  together  he  will  not  be  conscious  of  any  e^ssential  change  of 
equilibrium,  yet  he  will  be  conscious  of  a  slight  variation  of  the 
distribution  of  weight  upon  the  soles  of  the  feet,  and  especially 
conscious  of  variation  in  tension  of  different  sets  of  muscles  and 
tendons  involved  in  the  maintenance  of  the  erect  position.  If  one 
fix  a  tracing  point  to  the  head  and  stand  under  a  horizontal  tracing 
surface,  so  adjusted  as  to  record  any  change  of  position,  it  will  be 
noticed  that  the  position  of  the  point  changes  from  moment  to 
moment — never  returning  exactly  to  the  starting  point  except  some- 
times by  accident.  As  a  general  rule,  the  taller  the  subject  the 
greater  the  amplitude  of  his  oscillations.  A  study  of  these  tracings 
and  of  the  sensations  which  one  experiences  while  standing  erect 
indicates  that  such  a  position  is  maintained  particularly  through  the 
muscle  sense.  One  is  conscious  at  one  time  of  a  greater  tension  upon, 
say,  the  muscles  of  one  side  of  the  lx)dy  than  upon  those  of  the  other, 
and  is  conscious  at  the  same  time  of  a  slight  change  of  the  direction 
of  the  lK>dy  axis.  A  moment  later  he  is  conscious  of  a  greater  tension 
upon  the  sets  of  muscles  which  l)efore  were  less  tense  and  conversely. 
The  muscles  are  in  a  state  of  mild  tonic  contraction  constantlv,  but 

1  Journal  of  Physiology,  vol.  xvii.  p.  192. 
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he  tension  of  any  one  group  of  muscles  varies  continually,  the  action 
leing  so  co-ordinated  as  to  maintain  the  body  erect  within  very 
larrow  limits.  One  has  not  the  sensation  of  losing  and  regaining  the 
talance,  but  he  has  the  sensation  of  shifting  of  pressure  upon  the 
oles  of  the  feet,  also  of  changing  of  tension  in  muscles  and  tendons, 
t  may  be  said  that  the  coarse  adfustmeni  of  equilibrium  is  effected 
hrough  the  semicircular  canals,  while  the  fine  adjustment  is  effected 
krough  a  combination  of  muscle  sense  and  plantar  reflex. 

Besides  the  important  part  which  the  muscle  sense  plays  in  the 
laintenance  of  equilibrium  it  ser^'es  the  organism  in  adfusting  all 
%oior  activities  to  the  required  conditions.  The  consciousness  of  a 
ertain  amount  of  tension  upon  muscles  or  tendons  seems  to  be 
be  thing  which  governs  the  amount  of  energy  liberated  in  the  muscle 
3  accomplish  a  subsequent  similar  act.  Everyone  has  experienced 
be  surprise  and  awkwardness  in  co-ordination  which  is  likely  to 
ccur  when  in  a  flight  of  stairs  one  step  is  much  lower  than  the  others. 
Hie  usual  energy  and  space  adjustment  has  been  ordered  in  the 
entral  nervous  system  in  response  to  previous  muscular  sense.  The 
lew  conditions  take  the  nerve  muscle  system  by  surprise.  This  is 
lot  the  case  when  the  vision  supplements  the  other  equilibration 
.pparatus.  If  one  sees  an  unusual  step  he  voluntarily  modifies  the 
ourse  of  the  reflexes. 

In  common  with  other  senses  it  may  be  much  improved  by  practice. 
Experienced  produce  dealers  can  estimate  with  astonishing  accuracy 
i  particular  weight  of  any  conmiodity. 


III.  THE  TEMPERATURE  SENSE. 

The  sense  of  temperature  is  a  very  unreliable  index  of  the  actual 
emperature  of  any  substance  because  the  cutaneous  surfaces  yield 
IS  only  relative  ideas.  We  can  say  whether  or  not  a  substance  is 
warmer  or  cooler  than  the  skin,  but  we  cannot  say  how  many  degrees 
►f  temperature  it  has.  Knowing  the  probable  temperature  of  the  skin 
►ne  can,  by  practice,  usually  guess  approximately  what  the  temper- 
ature of  an  object  is;  but  at  best  the  determination  is  based  upon  a 
eries  of  judgments,  all  of  them  subject  to  considerable  error. 

Not  all  portions  of  the  surface  of  the  skin  are  able  to  yield  temper- 
.ture  sensations,  and  not  all  portions  so  endowed  yield  sensations  of 
>oth  heat  and  cold.  One  small  area  responds  to  cold,  one  to  heat, 
.nd  another  to  neither.  The  areas  which  do  not  respond  to  heat  or 
old  are  usually  endowed  with  the  tactile  sense.  Nearly  all  portions 
f  the  skin  are  sensitive  to  pressure  stimuli ;  but  most  persons  seem  to 
•e  mort*  sensitive  to  very  light  pressure  stimuli  upon  the  tactile  areas 
ban  upon  the  temperature  areas  (hot  and  cold  spots);  this  may  l)e 
n  illusion  due  to  the  partial  distraction  of   the  attention  by  the 
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sensation  of  cold  or  heat  when  an  oliject  touches  a  temperaturearea, 
while  there  is  no  such  distraction  when  the  object  touches  a  tactiif 
area. 

The  accompanying  maps  show  the  distribution  of  these  aKas  on 
particular  surfaces,  and  give  a  general  idea  of  the  relative  sizes,  shapes, 
and  areas  of  cold,  hot,  and  pressure  spots.  From  these  maps  awl 
many  others  the  following  conclusions  have  been  drawn : 

(1)  Certain  areas  of  the  skin  are  functionally  differentiated  lo 
receive  stimuli  from  objects  warmer  than  the  skin  and  certain  areas  to 
receive  stimuli  from  objects  colder  than  the  skin. 

(2)  Homologous  areas  on  different  individuals  are  different  (rom 
each  other  as  to  distribution  of  the  cold  and  heat  areas. 


Two  maiA  showing  areas  of  lemptnsture  sense.  Tbe  mipaei 
Inch  on  Che  nock  of  the  lett  band  of  Hr.  A.  and  of  Mr  B.  The  axla  of  the  Itmb  li  rram  tlfbi  a 
left,  or  hoiiionlal.  bb  the  figure  ilBDiii.  Tbe  "hot"  ipola  are  shaded  horiioatall;  ;  Ibe  "rclil" 
f^\»  vertically.  The  aretu  eepeclallf  eDdowed  with  tactile  senie  are  doued.  Tbe  ucille<ta 
a  measures  '<],■,  square  Inch  ;  the  "  hot  "  spot  h  meuures  Vim  square  Inch. 

(3)  The  total  area  sensitive  to  cold  is  much  greater  than  the  total 
area  sensitive  to  heat.  If  a  piece  of  coV\  metal  one  inch  square  were 
laid  upon  the  .surface  mapped  from  Mr.  A.'s  hand  it  would  stimulate 
4!!..">  ciihl  areas  and  27  pressure  areas,  or  a  total  of  76.5  areas.  If  a 
piece  of  warm  metal  l»e  applied  to  the  same  area  it  would  .stimulate 
2'-iS>  heat  areas  and  27  pressure  areas  =  50.5.  This  may  aceounl 
fur  the  illiLsion  that  when  two  pieces  having  the  same  weiglil,  onf 
iH'ingcold  and  the  other  warm,  arc  laid  upon  contiguous  area*!  the 
cold  one  will  .seem  to  Ix;  heavier  than  the  warm  one. 

(4}  As  a  rule  the  longitudinal  axis  of  an  area  corresponds  to  the 
longitudinal  axis  of  the  part  (arm  or  leg)  examined. 

(.'))  Symmetrical ly  located  areas  on  the  same  indi^ndual  vary 
considiTublyin  their  distribution  of  heat,  cold,  and  pressure  sensibility. 
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(6)  Special  areas — i.  e.,  heat  areas  or  cold  areas — are  smaller 
n  individuals  showing  greater  sensibility  in  the  restliesiometer 
xperiments. 

(7)  Certain  small  areas  seem  to  be  sensitive  to  neither  pressure, 
eat,  nor  cold  when  the  stimuli  are  moderate. 

(8)  A  test  point,  though  varying  only  slightly  in  temperature, 
lay  at  one  location  feel  cool,  on  another  cold,  and  on  a  third  verv 
>Id. 

(9)  On  the  palm  of  the  hand  the  points  specialized  in  sensibility 
)  heat  or  cold  are  smaller  and  fewer  than  in  the  same  area  on  the 
ack  of  the  hand. 

(10)  A  cold  penny  placed  on  the  palm  of  the  hand  feels  much 
nailer  than  when  placed  on  the  back  of  the  hand. 


B.  THE  SPECIAL  SENSES. 

An  organ  of  special  sense  involves :  (i)  a  sensory  end  organ  limited 
I  location  and  specialized  in  structure;  (ii)  an  afferent  conducting 
ath  which  differs  in  no  way  histologically  from  other  axis  cylinders, 
lough  it  is  a  dendrite  of  the  neurone,  histogenetically;  (iii)  a  brain 
*ntre  which  is  a  portion  of  the  general  sensorium ;  (iv)  intercentral 
inducting  paths  between  the  sensorium  and  higher  cerebral  centres. 

An  act  of  special  sensation  involves:  (i)  special  stimulation  of  the 
nd  organ;  (ii)  transmission  to  the  sensorium;  (in)  sensation,  or 
snsciousness  of  the  stimulation;  these  steps  usually  lead  to  the 
)llowing:  (tv)  perception  of  the  stimulating  object;  (v)  conception  of 
le  object  in  its  relation  to  other  objects. 

^rhe  special  sensations  include  seeing,  hearing,  smelling,  tasting, 
r  vision,  audition,  olfaction,  and  the  gustatory  sense. 

The  researches  of  Kupffer^  and  Froriep^  show  the  origin  of  the 
rgans  of  special  sense  from  primitive  structures  in  the  lower  verte- 
rates. 

Fig.  218  is  a  reproduction  of  Kupffer's  figure  of  the  branchial  sense 
rgans  of  the  larval  cyclostome — Petromyzon.  Note  in  the  figure 
le  five  cephalic  ganglia:  i,  ciliary  ganglion;  ii,  trigeminus;  in, 
custicofacial ;  iv,  glossopharyngeal;  v,  vagus,  which  is  continuous 
ith  the  lateral  nerve.    Note  the  chain  of  epibranchial  ganglia  from 

to  12;  the  anterior  four  \mng  much  crowded  together,  the  last  eight 
eing  evidently  segmental,  the  5th,  6th,  and  7th  corresponding 
efinitely  with  the  in,  iv,  and  v  ceplialic  ganglia,  respectively.  Note 
Iso  the  brain  (B),  spinal  cord  (Sp,  Cd,),  lens  of  the  eye  (/),  the 
asal  pit  (n),  the  hypophysis  or  preoral  pit  (//y),  mouth  (3/),  the 
ill  clefts  (C/),  the  otocyst  (O/),  and  the  notocord  {N.  (\), 

1  Cephalic  Nerves.  Verb.  Anat.  Ges..  MtincheD.  v.  22. 
*  Sense  Organs,  Arch.  f.  Anatomie,  1886. 
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Kupffer  says,  regarding  the  development  of  sense  organs:  "Thm 
can  be  little  doubt  that  the  lateral  ganglia  (cephalic  ganglii)  aod 
their  sense  organs  as  one  series  and  the  epibrachtal  gan^ia  and  thrir 
sense  oi^ns  as  another  series  arc  coJiimon  to  all  veriebraiet.   It  seems 


Lkml  FetnxnyioD,  ahoiiliiK  bnDcblal : 


certain  that  the  ear,  jmbable  that  the  olfactory  organ,  and  pouiU; 
that  the  eye  all  belong  to  the  lateral  series." 

Froriep  discovered  a  series  of  rudimentary  sense  oi^ans  associated 
with  the  epibranchial  ganglia.     They  are  now  generally  known  as 
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branchial  sense  organs,  Miiiot  (1892)  believed  it  probable  that 
fitrtlier  investigation  would  "  demonatrcUe  the  existence  of  both  wna 
in  the  emJtrijns  of  all  verlebraies."  Edinger  (1896)  cited  recent  liter- 
ature showing  that  the  probability  has  become  practically  a  certaintv. 
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We  are,  then,  justified  in  looking  upon  the  mammalian  ear  as  a 
highly  specialized  product  of  evolution  of  one  pair  of  a  long  series 
of  lateral  sense  organs.  In  the  higher  vertebrates  the  other  lateral 
sense  organs  are  either  specialized  in  other  directions  (eye,  olfactory 
organ),  are  rudimentary  in  the  adult,  are  ru<limentary  and  transitory 
in  the  embryo,  or,  finally,  wholly  wanting  even  in  the  embryo. 


IV.  THE  SENSE  OF  SBULL. 

a.  Struetnre  of  the  Olfactory  Organs. 

The  end  oi^n  of  smell  may  be  described  as  the  regw  olfadoria, 
or  upper  part  of  the  nasal  passage,  embracing  the  whole  surface 
of  the  upper  with  the  upper  part  of  the  middle  turbinated  bone, 
also  the  upper    one-third    of   the   nasal   septum.    'ITiis  region   is 


out  of  the  direct  line  of  respiration,  and  all  of  the  lower  region  or 
all  of  the  nasal  passage  not  included  in  the  al>ove  enumeration, 
is  called  the  rcyio  reapiratoria.  The  regio  olfactoria  is  so  con- 
structed as  to  present  a  very  large  surface  to  the  air  which  passes 
throng  it.  The  mucous  membrane  of  the  olfactory  repon  has 
a  very  thick,  spongy  corium,  in  which  are  located  the  mucus- 
secreting  glands  of  Bowman,  and  through  which  pass  the  fibres 
or  fibre  bundles  of  the  olfactory  nerves  un  their  way  to  the  crib- 
riform plate  of  the  ethmoid  lx>iie.  The  epithelium  consists  of 
two  kinds  of  cells.  The  epithelium  proper  or  the  supporting  cells 
occupy  most  of  the  surface  and  extend  to  the  corium  by  branching 
proximal  ends.  Between  the  supporting  cells  lie  the  olfactory  cells 
or  the  fila  olfactoria.  'llie  bodies  of  these  cells  lie  deep  in  epithelial 
layer,  and  there  is  a  thin,  rod-like  extension  passing  out  to  the  surface 
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of  the  epithelium  distally,  while  the  proximal  extension  is  realh  i 
naked  axis  cylinder  which,  joining  several  of  its  fellows,  passes  as  i 
non-niedullate  nerve  into  the  olfactory  bulb,  which  lies  above  the 
cribriform  plate.  The  interesting  morpholo^c  feature  shown  hen  is 
in  the  homology  between  the  olfactory  cells  and  the  cells  of  the  sfHnal 
ganglia.  The  distal,  protoplasmic  extension  of  the  olfactory  cdl  is 
the  afferent  cell  branch  or  the  dendrite,  while  the  proximal,  proto- 
plasmic extension  is  the  efferent  cell  branch  or  the  neuraxone,  here 
modifitHi  into  a  naked  axis  cylinder.  "^I^is  cell  is  a  neurone  of  the 
I  onier. 


DIsenin  to  show  Uie  relatloiiB  of  celli  and  fibm  In  Ibe  oltltctoiy  bolb^  oV-c,  <AfMrtorj  r^ 
of  M.  (ichulue  fn  Ibe  olfsclorj'  mucoua  membniiie,  sending  their  ban!  procnHt  u  noii-iiie*il- 
lalEd  nerve  Hbrei  1n(o  Ihe  drepest  layer  of  the  olfactory  bulb  (olf-n.) ;  gt.,  ol&ctoiT  glomrnill 
containing  [lie  terminal  arborizations  of  (be  olOictoiT  flbrei  and  of  procene*  from  the  mllnl 
cells;  m.  mitral  cells,  (ending  prooeeBes  down  to  the  olf«ctOTy  glomeruli, olben  lalerallj  lomd 
111  free  ramllleatlon  In  the  nerve^ell  layer,  and  their  axla-cjtlndet  procetMi.  a,  a,  upwud,  to 
tum  sbariHy  backward  and  become  flbres  of  Ibe  ollkctorr  tract  (tr.  tff.).  Numerous  collaienli 
are  seen  curving  otr  from  these  Hbtea;  n',  a  nerve  Bbreof  theOlOwlofjtiact,app«ientlTe»Jlo« 
in  a  free  ramiflcatlon  In  the  olfacloiT  bulb.    (Schater.) 

Tlii.'*  neuraxone  undergoes  arltorization  in  the  olfactory  glomeruli, 
wlicrc  tln'v  an-  in  coinmunioution  with  the  dendrites  of  the  mitral 
•flls  of  tin-  olfactory  bulb.    {See  Fig.  221.) 


/).  Physiology  of  the  Sense  of  SmeQ. 

(Hfnctory  sensation  may  l>r  stimiilatetl  by  gaseous  or  volatile 
suhstamcs;  the  rcquisiti-  conditions  seem  to  Ite  that  the  matter 
shall  1h'  hnely  dividwl  and  diffused  through   the  mr.     llie  act  of 
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inhalation  carries  a  direct  current  of  the  odor-laden  air  along  the 
r^o  respiratoria,  but  it  diflFuses  readily  into  the  regio  olfactoria. 
To  aid  this  diffusion  most  mammals  intuitively  ** sniff"  when 
they  wish  to  "scent"  an  object.  The  sniffing  consists  in  a  series 
of  quick  inspirations.  The  rarefaction  of  the  air  in  the  olfactory 
region  incident  to  the  sniffing  facilitates  rapid  diffusion  of  the  odor- 
laden  air  into  that  region. 

The  stimulation  of  the  olfactory  cells  by  the  odoriferous  substance 
can  take  place  only  through  direct  contact  of  the  substance  with  the 
cells.  To  this  end  the  substance  passes  into  solution  in  the  film 
of  moisture  which  covers  the  epithelial  surface.  The  stimulating 
sul>stance  is  in  solution  when  the  stimulation  takes  place.  The  sense 
of  smell  is  much  impaired  or  even  suspended  if  the  olfactory  epithelium 
should  become  dry  from  any  cause.  On  the  other  hand,  odoriferous 
sul>stances  in  solution  in  water  do  not  stimulate  the  sense  of  smell 
^hen  the  water  fills  the  nose.  The  water  impairs  the  sensibility  of 
^»^^  olfactory  cells.  But  if  an  odoriferous  substance  in  solution  in 
^^Tmal  saline  solution  be  brought  into  contact  with  the  olfactory 
epithelium  the  olfactory  cells  respond  to  the  stimulus. 

The  intensity  of  the  sensation  varies  with  (i)  the  area  of  the 
olfactory  surface;  (ii)  the  concentration  of  the  odoriferous  substance; 
^nd  (hi)  the  frequency  of  conduction  of  the  vapor  to  the  olfactory 
^gion  (the  frequency  of  the  "sniffs").     (Landois.) 

ITie  acideness  of  the  sense  of  smell  varies  with  (i)  the  size  of  the 
t)lfactory  area,  and  (ii)  practice. 

All  attempts  at  a  sativsfactory  classification  of  odors  have  failed. 
The  use  of  the  sense  of  smell  to  the  system  is  primarily  as  a  means 
of  protection,  warning  the  animal  against  the  introduction  of  noxious 
foods,  air,  or  drinks  into  the  system,  also  to  use  in  the  choice  of  foods 
and  drinks.  Secondarily,  it  is  cultivated  by  some  as  a  means  of  st»nse 
gratification — witness  the  use  of  perfumes. 


V.  THE  SENSE  OF  TASTE. 

a.  Structure  of  the  Gustatory  Organs. 

The  tongue  ser\es  the  function  under  consideration,  but  that 
organ  serves  also  other  functions — e.g.,  mastication,  deglutition, 
and  articulation  of  speech,  llie  tongue  is  not  the  spt»ciali7x*d  end 
organ  of  taste.  The  specialized  organ  is  the  taste  bud  (Fig.  222). 
Numerous  taste  buds  may  Ik*  found  in  the  epithelium  of  the  oral 
mucous  membrane.  The  figure  shows  that  the  taste  bud  is  an 
epithelial  structure — /.  f.,  that  it  is  a  group  of  modified  epithelial 
cells.  ITie  pavement  epithelium  of  the  oral  mucous  membrane  is 
not  adapted  to  the   ready    absorption    of   litjuid.    'Vhv   bundle   of 
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spindle-shaped  cells  present-  I 
ing  their  ends  at  the  surfsre 
of  the  general  epithcKum  is 
welt  adapted  to  the  ready 
absorption  of  liquid,  andthU 
absorption  of  liquid  seems 
to  be  an  important  partoi 
the  special  function  of  the 
taste  buds.  The  accompanj- 
ing  diagram  (Fig.  223)  malwi 
it  eWdent  that  liquid  absorbed 
from  the  surface  (a)  of  the 
epithelium  will  pass,  bvcafril- 
lary  attraction,  between  the 
spindle-shape<l  gustaton'  cells 
and  be  brought  into  intimate 
contact  with  the  filamentous 
ends  of  the  gustatory  neire. 
If  the  liquid  be  an  aqueous 
solution  of  some  sul»tanre 
capable  of  stimulating  the 
sensation  of  taste,  the  efffrt 
of  the  stimulation  will  lie 
propagated  along  the  afferent 
dendrite  to  the  cell  Ixuly  ot 
the  neurone  which  lies  in  the 
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ganglion  of  the  nerve  trunk,  tbence  through  the  neuraxone  to  the 
central  nervous  system,  within  which  a  neurone  of  the  second  order 
transmits  it  to  the  sensorium.  There  has  been  much  controversy 
as  to  whether  the  gustatory  nerve  fibres  are  all  contained  in  the 
glossopharyngeal  trunk,  or  whether  some  of  them  may  tiot  reach 
the  oral  mucous  membrane  through  the  lingual  branch  of  the  trigemi- 
nus. Both  nerves  undoubtedly  cont^n  gustatory  fibres.  The  gus- 
tatory fibres  may  readily  pass  from  one  trunk  to  another  in  the 
tympanic  plexus,  a  condition  which  is  known  to  exist  m  the  case 
of  the  secretory  and  vasodilator  fibres  of  the  salivary  glands  {q  v  ) 
There  is  probably  one  source  for  the  gustatory  nerve  fibres,  and  that 
source  is  probably  the  trunk  (petrous)  ganglion  of  the  glossopharyn- 
^aj  nerve. 
_  The  taste  buds  are  distnbuted  (i)  over  the  lateral  surfaces  of  the 
circumvallate  papiUie;  (ii)  upon  the  fungiform  papillte,  (iii)  upon 

tW  papillte    of    soft    palate,  ^ 

U\'ula,  anterior  pillars  of  the 
fauces,  and  surface  of  epi- 
glottis. 

b.  Physiology  of  the  Sense 
of  Taste. 


(a)  A  Sumnuwy  of  the  Facta 
Omeaniing  Tut*. — Many  of 
the  perceptions  attributed  to 
taste  really  depend  quite  as 
much  upon  smell  as  upon  taste 
We  usually  apply  the  term 
favor  to  those  sensations  w  hich 
depend  upon  both  smell  and 
taste — e.  g.,  one  speaks  of  the 
flavor  of  roast  beef  or  of  coffee 
Tlie  fact  that  closure  of  the 
nose  impairs  the  flavor  of  the 
beef  or  coffee  indicates  that  a 
part  of  the  flavor  is  to  be  at- 
tributed to  the  sense  of  smell 
The  3en.se  of  taste  alone  seems 
to    be   confine<l   to   sensation 

arising     from     four     distinct  

stimuli:   (i)  »v!fd:  (it)  hiiter;     ^IT-^wi '(--'--).     "  "''"'  ' "~" 

(III)  acid;  (iv)  salt.    All  taste 

sensations  are  either  modifications  of  or  combinations  of  these  four 

fundamental  sensations. 

The  sense  of  taste  is  usually  excited  by  those  substances  which 


loncue,  showiud  papilla  on  Ihe  left 
BliDnBreuonlherlgbt:  T.\ooii\:  F.P.. 
papilliv^   C.  P..  dn^uinvftllnle   pspillK. 
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pass  into  solution — i.  e.,  insoluble  substances  are  tasteless.  Though 
this  applies  to  the  chemical  substances  alone,  it  must  not  l)e  forgotten 
that  these  are  incomparably  the  most  important  stimuli  of  the  sense 
of  taste.  In  the  case  of  electric  stimuli  the  fact  that  the  cathode 
usually  tastes  bitter-alkaline  while  the  anode  tastes  acid  would  seem 
to  show  that  the  efficient  stimulus  in  either  case  is  the  collection  of 
bases  and  acids  which  gather  at  the  two  poles  respectively.  ITiough 
this  is  undoubtedly  the  way  to  account  for  the  taste  of  the  anode  and 
cathode  in  the  case  of  the  constant  current,  it  does  not  throw  much 
light  upon  the  fact  that  taste  sensations  are  also  aroused  by  induction 
shocks. 

The  sensation  will  vary  in  strength  with  (i)  the  size  of  the  area 
stimulated y  l)eing  more  intense  the  greater  the  area  stimulated;  (ii) 
the  concentration  of  the  solviioriy  being  more  intense  the  stronger  the 
solution ;  (iii)  the  temperature  of  the  solviion,  being  more  intense  the 
nearer  the  temperature  is  to  that  of  the  blood;  (iv)  the  mechanical 
friction  of  the  tongue  against  the  palate,  being  stronger  with  moderate 
friction  than  without  it. 

The  sense  of  taste  varies  in  acuteness  (i)  through  certain  hereditary 
influences  and  (ii)  through  cultivation.  A  good  example  of  marked 
acuteness  of  taste  acquired  by  cultivation  may  be  found  in  the 
professional  tea-tasters  and  wine-tasters. 

(h)  Localization  of  the  Sense  of  Taste. — If  solutions  of  salt,  of  sugar 
or  saccharine,  of  quinine,  and  of  acetic,  malic,  or  citric  acid  be  applied 
to  the  tongue  with  a  probang  it  will  be  found  that  not  all  parts  of 
the  tongue  are  equally  sensitive  to  these  several  stimuli.  Hie  back 
of  the  tongue  is  more  sensitive  to  bitter,  the  sides  to  acid,  the  dorsum 
to  salt,  and  the  tip  to  sweets.  Fig.  224  shows  the  outline  of  these 
areas. 

(c)  The  Acuteness  of  the  Sense  of  Taste. — If  standard  solutions  of 
salt,  sugar,  quinine,  and  acetic  acid  be  made,  the  acuteness  of  the 
sense  of  taste  for  these  substances  may  be  determined  in  indi\*idual 
ciises.  The  average  limit  of  acuteness  as  determined  for  a  large 
number  of  individuals  is:  (i)  for  salt  1  part  to  469  of  distilled  water; 
(ii)  for  sugar,  1  to  520;  (in)  for  acetic  acid,  1  to  5640;  (iv)  for  sulphate 
of  (|uinine,  1  to  375,000. 
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1.  Physiologic  Acoustics. 

2.  CoifPARATiVE  Anatomy  and  Physiology  of  the  Auditory  Organ. 

3.  Embryology  of  the  Auditory  Organ  in  Vertehrateh. 

4.  Summary  of  the  Anatomy  and  Histology  of  the  Ear. 

THE  PHYSIOLOGY  OF  HEARING. 

1.  The  Transmission  of  Sound. 

(a)  The  Part  Played  by  the  External  Ear. 

{h)  The  PaH  Played  by  the  Middle  Ear. 
2   The  Reception  of  Sound. 
3.  The  Sensation  and  Perception  of  Sound. 

1.  PHYSIOLOOIO  ACOUSTIOS. 

a.  Definitions. 

(a)  Acoustics  is  the  Science  of  Sound,  and  comprises  the  study 
of  sounds  and  of  the  vibrations  of  elastic  bodies.  Acoustics  is  con- 
cerned particularly  with  questions  of  the  production,  transmission, 
and  comparison  of  sounds. 

0?)  "Sound  is  always  the  result  of  rapid  oscillations  imparted  to 
the  molecules  of  elastic  bodies,  when  the  state  of  equilibrium  of 
these  bodies  has  been  disturbed  either  by  a  shock  or  by  friction." 
(Ganot.)  Such  bodies,  always  representing  ponderable  matter,  tend 
to  regain  their  position  or  condition  of  equilibrium  only  after  perform- 
ing on  each  side  of  that  position  very  rapid  vibratory  movements  the 
amplitude  of  which  quickly  decreases.  The  term  sound  is  also 
applied  to  the  sensation  which  these  vibrations  an)use  in  the  brain. 

(;-)  ITie  term  Physiologic  Acoustk  s  may  l)e  applied  to  that  {x)r- 
tion  of  the  general  field  of  acoustics  which  deals  with  the  pnxluction, 
transmission,  and  comparison  of  the  sounds  made  by  animals,  or  of 
the  sounds  serving  as  stimuli  for  animal  sense  organs.  Physiologic 
acoustics  deals,  then,  with  the  physical  principles  involvtnl  in  the 
production  of  the  voice;  with  speech,  music,  and  the  transmission  of 
these  sounds  by  the  organs  of  hearing  to  the  auditory  nerve  ends. 

b.  The  Production  and  Propagation  of  Sound. 

Sound  is  produced  by  the  vibration  of  elastic  bodies.  A  musical 
sound  or  tone  is  a  regular  continuous  sound.  A  noise  is  an  irregular 
discontinuous  sound. 
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Sound  can  he  propagcUed  only  through  the  medium  of  jHrnderdk 
matter,  for  if  the  air  be  withdrawn  from  the  receiver  of  an  air-pump 
a  music-box  in  operation  within  the  receiver,  surrounded  by  the 
imponderable,  luminiferous  ether,  cannot  be  heard. 

Sound  is  propagated  through  elastic,  ponderable  matter.  All  gases, 
liquids,  and  solids  may  transmit  sounds.  These  bodies  are  acted 
upon  by  the  vibrating  source  of  the  sound  and  are  thrown  into  a 
series  of  waves  which  rapidly  spread  in  all  directions  from  the  centre 
of  disturbance.  In  water-waves,  or  the  undulations  which  sweep 
over  the  surface  of  a  body  of  water,  the  individual  molecules  rise  and 
fall,  describing  an  ellipse  whose  long  axis  is  transverse  to  the  direction 
of  propagation.  In  sound  waves  the  molecules  move  to  and  fro  in  a 
line  parallel  to  the  direction  of  propagation.  This  leads  to  a  seria 
of  alternating  condensations  and  rarefactions  of  the  medium, 

1.  Velocity  of  Propagation  of  Sound.— A  general  formula  for 
velocity  is 


ley 


when  £  represents  the  elasticity,  y  the  specific  heat,  and  3  the  density. 

(a)  In  Oases. — Newton  determined  that  the  velocity  of  the  propa- 
gation of  sound  in  gases  is  directly  as  the  square  root  of  the  elasticity 
of  the  gas,  and  inversely  as  the  square  root  of  its  density.  This  formula 
with  modifications  for  temperature  and  barometric  pressure  yields 
the  following  results :  velocity  of  sound  in  carbon  dioxide,  856  ft.  per 
sec;  oxygen,  1040  ft.;  air,  1093  ft.;  hydrogen,  4063. 

(b)  In  Liquids. — ^The  general  formula 


(-V<) 


may  be  applied  with  modifications  for  liquids.  The  coefficient  of 
elasticity  (s)  is  very  high  for  liquids,  and  though  the  density  (<J)  is 
also  great  the  high  elasticity  makes  the  velocity  of  sound  in  liquids 
much  higher  than  it  is  in  gases.  For  water  the  velocity  is  4708  ft. 
at  80°  C.  to  5013  ft.  per  sec.  at  30°  C. ;  for  absolute  alcohol,  3854  ft. 
j>er  sec.  at  23°  C. ;  for  a  solution  of  NaCl,  5132  ft.  per  sec.  at  18°  C. 

(c)  In  Solids. — The  velocity  in  feet  per  second  in  caoutchouc, 
197  ft.;  in  lead,  4030  ft.;  in  copper,  11,666  ft.;  in  steel  wire,  15,470  ft. 

2.  Reflection  and  Refraction  of  Sound.— The  echo,  familiar  to 
every  youth,  is  a  simple  reflection  of  sound.  The  reflection  of  sound 
is  subject  to  the  following  laws:  (i)  The  angU  of  reflection  of  sound 
is  equal  to  the  angle  of  incidence,  (ii)  The  incident,  sonorous  ray  and 
the  reflected  ray  are  in  the  same  plane  perpendicidar  to  the  reflecting 
surface, 

A  sound  lens  made  of  two  circular  sheets  of  collodion  cemented 
together  at  their  edges  and  inflated  with  CO,  will  bring  sound  waves 
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to  a  focus.  The  ticking  of  a  watch  held  beyond  the  principal  focus 
of  such  a  lens  may  be  cleariy  heard  in  the  conjugate  focus  of  the  lens, 
though  the  conjugate  focal  distance  may  be  many  feet. 

c.  The  Properties  of  Sound. 

One  sound  may  vary  from  another  in  intensity  or  loudness,  in  pitch, 
and  in  quality. 

1.  InteilBJty. — (i)  The  intensity  of  sound  varies  inversely  as  the 
square  of  the  distance  of  the  sonorous  body  from  the  ear. 


/  /  varies  as       V 


(ii)  The  intensity  of  sound  increases  with  the  amplitude  of  the 
ibrations  of  the  sonorous  body. 

(ill)  The  intensity  of  sound  depends  on  the  density  of  the  air 
hrough  which  the  sound  is  propagated. 

(iv)  The  intensity  of  sound  is  modified  by  the  motion  of  the 
.tmosphere  by  the  wind. 

(v)  The  intensity  of  sound  is  increased  by  the  proximity  of  a 
onerous  body — e.  jr.,  the  sounding  box  of  a  violin  intensifies  the 
ound  produced  by  the  vibratioh  of  the  strings. 

2.  Pitch. — ^The  expression  "pitch  of  a  sound"  refers  to  the  number 
if  vibrations  of  the  sonorous  body  in  a  unit  of  time.  The  greater 
he  number  of  vibrations  per  second,  the  higher  the  pitch;  the  fewer 
he  vibrations,  the  loioer  the  pitch.  The  number  of  vibrations  which 
I  sonorous  body  will  make  in  a  second  depends  upon  several  variable 
actors.  In  physiologic  acoustics  we  are  interested  particularly  in 
he  vibrations  of  strings  and  of  membranes,  because  the  human  voice 
s  the  sound  of  the  vibrating  strings — the  vocal  cords;  and  the  hearing 
\l  the  human  voice  and  other  sounds  depends  upon  the  vibration  of 
t  stretched  membrane-^/Ae  membrann  tifmpani, 

(a)  The  Pitch  of  a  Vibrating  String.— Rayleigh  (Sounds  Vol.  I., 
^bap.  I.)  gives  the  following  formula  for  a  vibrating  string: 


(I)    n  =  ^iyl 


!k{uation  (i)  expresses  the  numlx*r  of  vibrations  {x»r  st*cond  in  terms 
rf  length  (/),  radius  (r),  tension  (gr),  and  density  (o).  Expressed  as  a 
variable  by  dropping  the  constants: 

(II)    n  varu»sas  ^/-y^^' 

The  verbal  expression  of  the  fonnula  is:     The  vibration  frequency 
pitch)  of  a  string  varies  (i)  inversely  as  the  radius;  (ii)  inversely  as 
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the  length;  (iii)  directly  as  the  square  root  of  the  tension  in  jram: 
(iv)  inversely  as  the  square-root  of  the  density. 

(6)  The  Piteh  of  a  Vib»tiiig  Memtamie  may  be  detemuDed  by 
the  above  formula  (n)  under  certain  conditions:  (i)  the  membrane 
must  be  circular  (/),  like  a  drum  head;  (n)  the  tension  (g)  must  be 
equal  in  all  directions  in  the  plane  of  the  circle;  (in)  the  thickness 
must  be  equal  in  all  parts  (r) ;  (iv)  the  density  must  be  equal  m  all 
parts.  Once  these  conditions  are  filled  we  have  in  a  vibrating  mem- 
brane the  equivalent  of  an  infinite  number  of  strings  of  equal  length, 
tension,  radius,  and  density,  which  will,  of  course,  vibrate  in  wiLson 
— i.  e.,  the  membrane  will  give  the  same  fundamental  tone  as  that 
given  by  a  string  representing  a  diameter  of  the  membrane. 

(c)  The  Musical  Scale. — ^The  standard  pitch  of  an  instrument  b 
A  which  represents  435  vibrations  per  second;  it  is  the  middle  A 
of  the  pianoforte.  Note  that  the  tone  C  has  just  twice  the  number 
of  vibrations  of  C  lliis  relation  holds  good  throughout  the  whole 
musical  scale:    A'  has  (435  X  2  = )  870  vibrations  per  second;  while 
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second.  The  lowest  C  (C,)  of  the  piano  has  32  -h  vibrations  per 
second  and  the  lowest  C  (C^)  of  the  pipe  organ  has  16  +  vibrations 
per  second;  middle  C  (C)  has  261  vibrations  per  second;  C*  has  522; 
C'  has  1044  vibrations  per  second;  C"',  2088;  C^,  4176;  C^,  8352; 
Cy\  16J04;  C^\  33,408,  etc.  The  number  of  vibrations  of  any  note 
may  l)e  determined  by  multiplying  the  number  for  the  next  C  below 
the  note  in  question  by  the  ratio  indicated  in  the  accompanying 
figure. 

3.  Quality. — The  variation  in -quality  depends  upon  the  combi- 
nation of  harmonics,  or  overtones.  The  degree  of  complexity  of  a 
sound — the  number  of  overtones  present — ^together  with  the  relative 
prominence  or  loudness  of  each  overtone,  is  interpreted  mentally  as 
giving  a  distinctive  quality,  or  timbre,  or  character  to  the  sound  houd. 
When  one  hears  the  .4  of  a  nolin  he  not  only  recognizes  the  pitch 
and  intensity,  but  he  is  able  to  say  that  it  is  ppoducwi  by  the  violin. 
One  does  not  consciously  hear  the  harmonics,  or  overtones,  as  a  rule; 
he  hears  only  the  fundamental  tone  of  a  certain  quality.  The  flute 
gives  practically  a  pure  fundamental  tone  without  any  overtones. 
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With  a  series  of  flutes  which  produce  notes  whose  frequencies  are  in 
the  ratios  1 : 2 : 3 : 4 : 5,  so  mounted  in  a  wind  apparatus  that  they  may 
be  made  to  sound  with  a  loudness  which  can  be  separately  regulated, 
one  can  build  up  any  qualiiy  of  sound.  Thus  the  infinite  variety  of 
sounds  one  hears  in  nature  is  very  simply  explained.  Even  the 
different  vowel  sounds  depend  for  their  differences  upon  the  modifi- 
cation in  qualiiy  of  a  fundamental  laryngeal  tone — ^ven  a  particular 
quality  by  resonance  of  the  organs  of  articulation — pharyngeal,  oral, 
and  nasal  cavities.' 


2.  OOMPABATm  AKATOKT  AND  PHYBIOLOOT  OW  THE 
AUDITOET  OBQAKS. 

Iliete  is  no  reason  to  believe  that  any  of  the  Protozoa  are  sensitive 
to  atmospheric  vibrations.  If  they  respond  to  the  audible  vibrations 
of  the  liquid  media  in  which  they  rest,  it  is  probable  that  these 
vibrations  are  really  mechanical  stimuli  for  their  li^t  unicellular 
bodies. 

Some  Coelenterata  possess  auditory  vesicles  lined  with  epithelial 
cells,  provided  with  bristle-like  cilia,  an  otolith,  and  innervated  by 
a  nerve.    Fig.  226  shows  a  section  through 
such  a  simple  auditory  organ.  ^«-  ^ 

Among  Uie  Echinodermata  only  deep- 
sea  holothurians,  BUttipoda,  possess  audi- 
tory vesicles  (56  in  number).  These  are 
located  along  the  course  of  the  nerve  cords 
and  possess  numerous  otoliths. 

"ITie  Vermet,  as  represented  by  the  com- 
mon earthworm,  Lumbrieua,  though  exter- 
nally sensitive  to  the  vibrations  of  the 
solids  upon  which  they  rest,  are  quite  in- 
sensible to  vibrations  of  the  air.  The 
microscope  reveals  no  auditory  vesicle  in 
the  earthworm. 

lie  auditory  vesicles  of  the  moUuaca 
are  constructed  upon  the  same  general 
plan  as  those  of  the  medusa.  Fig.  227 
shows  Claus'  section  of  the  auditory  vesi- 
cle of  a  heteropod  mollusk.  In  most 
Lamellibranchs  and  Gasterofxxls  and  in 
the  nautilus  the  auditory  vesicles  are  innervated  from  the  pedal 
ganglia. 

Ilie  Arthropoda  have  more  highly  developed  external  cars  than 
can  be  found  elsewhere  among  the  invertebratps.     The  Crustacea 

I  Diinl«]l.    Medical  Ph^cs. 


Audltnr;  vedcle  or  a  ^11]>-lkti 
enclosing  Huld  proTldcd  with  nne 
or  more  ololllhi:  N.  norre;  ffl. 
otolltli :  Hi,  midllory  cells  with 
htin,m.    (MlljB.sneraaui.) 
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as  represented  by  the  crayfish  has  auditory  organs  at  the  base  of 
the    antennules.      "  Here   the   auditory   sac    is    permanent);  ofa. 


Audilury  TeitCleoC  fthelero[ioil  mollosk (Fterotracbek);  W, andlloij narrc  ;  01, oloUlh In ti 
nr  valcle:  Ifi,  cltlBled  cell*  od  Inner  wall  otToiclci  Ht,  »aAUorj  eeOt;  O,  «>otnl  ctl 
OIlllhKflerClaaL) 


Ue  aiiclltary  Ubirinlh  !□  I 
nnimiil  :  ri,  iiliiralufi,  wllh  [lie  Ibree  ■rmlfircuUr  c 
'  vc>tl1iiili:  b,  latrens;  rr,  cansJlii  reunleur.  Id  C,  r 
ho  titrloiilos  anil  hapculm  :  Ihe  vi*tlbule  t»  teen  lo  1 


liioTiyli  pnil <■(■!(■< I   l>y  liristlc-likc  setiv.     Within  this  sac  a  part  of 
tlio  wall  is  nvisccl  up  intii  a  ridge,  and  the  cells  that  form  it  are  pro- 
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ith  delicate  sete  at  their  free  end  and  with  nerve  fibres 
base  within.  The  sac  is  filled  with  a  gelatinous  fluid  con- 
minute  otoliths.  Vibrations  of  the  external  medium  set 
iths  in  motion;  these  beat  upon  the  setce,  and  these  setae 
e  cells  on  the  acoustic  ridges,  which,  in  turn,  stimulate  the 
bres  which  are  in  direct  communication  with  the  brain." 
The  grasshopper,  representing  the  Inseda,  has  a  tympanum. 
El  modification  of  the  chitinous  integument  and  consists  of  a 
2TOS3  which  a  delicate  chitin  membrane  is  stretched,  held  taut 
licate  rim  which  in  turn  is  stretched  by  a  number  of  small 
luscles.  Within  the  tympanum  is  an  auditory  ridge  homol- 
>  that  described  above  in  the  crayfish. 
^ertebrcUa  show  the  ear  in  its  highest  development, 
gher  vertebrates  possess  an  internal  ear  (modified  auditory 
of  considerable  complexity,  showing  a  vestibvle  and  a  series 
irciUar  canals.  The  mammals  possess  in  addition  a  complex 
5  called  the  cochlea.  Waldeyer's  figure  (Fig.  228)  shows  the 
IS  in  the  structure  of  the  auditory  vesicle  in  fishes,  birds, 
mmals. 


ilYOLOOY  OF  THE  AUDITOBT  ORGAN  IN  VERTEBRATES. 

a.  Comparative  Embryology. 

>rigin  of  the  ear  from  one  of  the  lateral  ganglia  of  the  petro- 
as  maintained  by  Kupffer  and  now  generally  accepted,  has 
cussed  above.    (See  p.  568.) 

owest  mammals  show  a  clear  relation  to  the  birds  in  the 
?ps  of  development,  a  relation  which  is  not  by  any  means 
in  the  adult  structure. 

b.  Special  Embryology  of  the  Human  Ear. 

velopment  of  the  External  Ear.— The  external  meatus 
>nds  to  the  invaginated  part  of  the  branchial  cleft  and  is, 
e,  lined  with  epiblast.  'I'he  pinna  is  developed  (Fig.  229) 
:  eminences  which  surround  the  external  end  of  the  meatus. 
Fourteenth  week  the  form  has  already  approximated  that  of 
It  ear. 

:imes  the  pinna  is  arrested  in  its  development.    The  small, 
hick  ear,  such  as  shown  in  D,  is  almost  sure  to  l>e  associated 
reater  or  less  degree  of  arrest  of  psychic  development. 
velopment  of  tiie  Middle  Ear. —For  the  details  of  the  de- 
nt of  the  middle  ear,  esjHK'ially  the  lx)nes  of  the  middle  ear, 
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see  any  work  on  the  histogenesis  of  the  pharynx.  The  followiDg 
is  a  summary: 

(i)  The  tympanic  cavity  and  the  Eustachian  tul)e  are  developed 
from  the  first  branchial  pouch,  hence  called  the  "fubo^ponol 
"pouch.^^    It  is  lined  with  hypoblast. 

(n)  The  malleus  is  developed  from  a  part,  probably  the  cerato- 
branchial  segment,  of  the  1^  branchial  arch. 

(hi)  The  incus  is  developed  from  a  part,  probably  epibranchial 
segment,  of  the  1^  branchial  arch. 

(iv)  The  stapes  is  developed  as  an  osseous  deposit  in  the  liga- 
mentous connective  tissue,  connecting  the  fenestra  ovalis  with  the 
incus.  The  hole  in  the  stapes,  which  gives  it  its  distinctive  form, 
was  occasioned  originally  by  the  presence  of  an  artery,  around  which 
the  ossification  took  place. 


Fia.229 
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Development  of  the  pinna:    1,  tragus :  2. 3.  C,  helix ;  4,  anthelix  ;  5,  antitiagus ;  6,  tsnii 

lobarls.    (Minot.) 

3.  The  Development  of  the  Labyrinth. — The  Otocyst:  In  the 
earliest  stages  of  embryonic  development,  when  the  anterior  end  of 
the  neural  tube  has  been  definitely  divided  iilto  primary  forebrain, 
midbrain,  and  hindbrain  vesicles,  there  appears  on  either  side  of 
the  hindbrain  vesicle  a  minute  pit,  which  is  invaginated  from  the 
epiblast  and  therefore  lined  with  epiblast.  This  pit,  the  beginning 
otocyst,  continues  its  invagination  until  it  divides  off  from  epiblast 
and  begins  a  gradual  migration  through  the  delicate  mesenchymal 
embryonic  tissue  toward  its  future  position  (Fig.  230,  A  and  B.) 

In  the  mean  time  the  otocyst  rapidly  enlarges  and  by  the  fourth 
week  the  saccus  endolymphaticus  (s,  e,)  is  beginning  its  development 
(Fig.  230,  C), 

The  third  stage  marks  the  development  of  the  semicircular  canals 
(Fig.  230,  1)  and  E),  Note  the  order  in  which  these  are  developed. 
Note  also  the  development  of  the  cochlea. 
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From  this  series  of  figures  it  is  evident  that  the  epithelial  lining 
of  the  membranous  labyrinth  is  epiblastie.  At  first  composed  of 
.undifferentiated  columnar  cells  there  comes  to  be,  in  roan,  six  areas 
^thin  the  membranous  labyrinth  where  the  epithelium  is  highly 
differentiated.  Of  these  the  most  highly  specialized  is  the  oigan 
rf  Corti,  which  undoubtedly  represents  the  end  organ  for  the  per- 
ception of  sound.  Besides  the  organ  of  Corti  there  is  one  speciaUzed 
w^ea  in  each  semicircular  canal — ^the  cruda  acustica,  and  one  in  the 
utiiculus,  the  macula  cumstica  utrictdi. 


Fig.  280 


DeTelopment  of  the  memlmtnocis  labyrinth.  Beginning  of  otocyst  In  the  human  embryo : 
At  2.4  mm.  in  length ;  B.  4  mm.  in  length ;  C,  otocyst  of  human  embryo,  four  weeks  (His) ; 
D,  human  embryo,  five  weeks  (His) :  E,  membranous  labyrinth  of  two  months'  embryo  (His). 
(Minot.) 


4.  SUMMARY  OF  THE  ANATOMY  AND  HISTOLOGY  OF  THE  EAR. 


(1)  The  organ  of  hearing  is  divisible  into  (i)  external,  (ii)  middle, 
and  (ill)  internal  ear;  or  (i)  pinna  and  meatus,  (ii)  tympanum,  and 
(III)  labyrinth.    (See  Kg.  231.) 

(2)  The  tympanum  lies  in  a  hollow  in  the  petrous  portion  of  the 
temporal  bone.  The  tympanic  membrane  (T)  cuts  it  off  from 
direct  connection  with  the  external  atmosphere.  The  Eustachian 
tube  (TE)  brings  it  into  indirect  connection  with  the  air  through 
the  pharynx  and  external  respiratory  passages.  The  tympanum 
contains  a  chain  of  bones:  the  malleus  (&),  the  incus  (a),  and  the 
stapes  (s).  The  malleus  is  fastened  to  the  membrana  tympani  and 
the  stapes  to  the  membrane  which  closes  the  foramen  ovalis. 

(3)  'Hie  labyrinth  lies  within  a  ca\'ity  in  the  petrous  portion  of 
the  temporal  bone.  UTie  cavity  with  its  various  canals  is  called  the 
bony  labyrinth. 

(4)  Within  the  cavity  of  the  liony  labyrinth,  but  very  much  smaller 
than  the  cavity,  lies  the  membranous  labyrinth  (Fig.  232  Cc).  From 
the  embryology  it  is  evident  that  the  epithelium  of  this  membranous 
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labyrinth  is  epiblastic.  Between'this  structure  and  the  bony  will 
there  is  a  considerable  space  ot'Cupie<I  by  two  large  lymph  cbinDeb. 
The  one  above  the  epiblastic  membranous  labyrinth  is  the  mojii 


DlagrUD  Intended  to  lllmtme  Ibe  pnjetm  of  hearing:  AO,  extenwl  koditorr  dmUh:  T. 
lympaDitlc  memtmne  K  nuUetu  a  Incm  P  middle  «r;  o,  Anotrm  onlli:  r,  taoln 
TDtDDda  ;  pi  KCkl*  t;mMDl  vl,  soU  veitlball  )  T«tlbiiM :  S,  mecale :  U,  utricle :  U.  h^ 
cliculvcanklii;  TE,  EnaUchlaD  tube.  LoDgkmjwladlotMUnaof  UaeUoDorimwrtTaiul: 
Bhnrt  cuned  one.  that  or  stapedius.    (ARei  I^udoli.) 


a>^ 


pr.ttihuli,  siwalloil  Ix'caii.se  it  is  continuous  with  the  vestibule.  TTie 
one  Wlow  is  cullfd  the  .-^cala  tifmpaiit,  which  passes  to  the  foramen 
nitiniiiiiin,  dosed  by  ii  tliin  but  dense  and  strong  membrane. 
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(5)  Note  the  little  bony  shelf  (lamina  spiralis)  which  exteii<ls  out 
fron  the  inner  wall  of  the  lx>ny  canal  and  reaches  alxnit  three-lifths 
ojf  the  way  across  to  the  outer  wall,  where  there  is  a  corresponding 
1*1^.  'liie  space  between  the  spiral  lamina  and  the  outer  ridge  is 
^p^nncd  by  a  dense  membrane  {mevihrana  baailaris)  wliich  is  com- 
P^^sed  in  its  2^  spiral  turns  of  about  24,000  parallel,  radial  fibrilla-. 
l"*lie  length  of  the  fibrilla'  which  constitute  the  basilar  membrane 
^'«.nes — i.e.,  the  width  of  the  membrane  varies  in  different  parts  of 
'■le  cochlea: 

(i)  At  the  beginning  of  the  basal  coil  of  the  cochlea,  0.041  mm. 

(ii)  Average  for  basal  coil  of  cochlea,  0.21  mm. 
(ill)  Average  for  middle  coil  of  cochlea,  0.34  mm. 
(iv)  Average  for  apical  coil,  0.36  mm. 

(v)  Length  at  end  of  apical  turn,  0.495. 
TTie  longest  Gbtilla  is  twelve  times  the  length  of  the  shortest  one. 

(6)  Between  the  l>asilar  membrane  and  the  membrane  of  Reissner 
is  the  epiblastic  end  organ  of  hearing-the  organ  of  Corti, 

(7)  The  Organ  of  Corii  con.sists  essentially  of:  (l)  The  rods  or 
fiUar»  of  Corti,  which  are  secured  by  the  epiblastic  cells  c  and  c' 
(Rg.  233),  and  are  chitinous  in  their  general  character,     (li)  'Ilie 


accUon  of  Cortl'i  orRsn  rrom  (nlnea-pla'i  cnchlM.  ST,  arKU  trmianl  -.  TC,  IQDDel  of  Conl ; 
a,  boor  Uaue  of  iplrml  hunlna  ;  b.  Sbroni  Unue  corerlng  ume  cnnlitiiiei  an  «Db«Ui>tli  pn>[irUt 
Of  badlu  membrane ;  t,  tf,  pratoplaBiiic  eatelope  of  Cnrti's  plllare  (r.  i*) :  d.  ciiilnthFlltl  i>lMm : 
/,  baula  or  plltan  oooMtnlDg  nvai  unu:  p.  bead-pUtei  of  plllkn;  A,  «',  Inner  and  nuler  bair 
iMlla ;  ■■  mcmbnna  lellculaili ;  1. 1,  ceili  at  Uenxon  aud  of  Claudlw. :  n,  nerve  flbfes ;  I.  cvllii 
of  DlaUia.    (Plenol.) 

inner  and  outer  hair  celU,  .so-enllcd  from  the  .short  bri.stle-like  hairs 
which  extend  from  the  upper  cnd.s.  There  arc  five  rows  of  hair 
cells,  one  inner  and  four  outer  ones,  (in)  The  .siip|M>rtiiig  wlls  of 
Deiters.  (iv)  The  reticular  membrune,  contimions  with  the  outer 
ends  of  the  rods  of  Corti  and  of  the  siime  .sort  of  material  as  they,  (v) 
'ITie  filamentous  endings  of  the  iuiilitor>-  nerve  alKint  the  pni.\iunil 
en(l.s  of  the  hair  cells. 
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(8)  There  is  an  area  of  specialized  innervated  epithelium  in  the 
saccule  and  one  in  the  utricle. 

(9)  The  three  specialized  epithelial  areas  in  the  semicircular  caiuds 
have  been  depicted  and  discussed  under  MairUenance  of  Equilibrkn 
(q.  v.). 

(10)  Figs.  226  and  227  show  some  typical  otoliths. 


THE  PHTSIOLOOT  OF  HEABINO. 
1.  THE  TRAN8MI88IOH  OF  80UVD. 

a.  Part  Played  by  the  External  Ear. 

1.  The  Pinna,  or  Auricle.— The  part  which  it  plays  in  man  is 
so  slight  as  to  be  practically  disregarded.  Abnormal  projection  of 
tragus  over  mouth  of  meatus  obstructs  sound  waves. 

2.  Meatns  Extemns.— (a)  The  Calibre  b  usually  smallest  at 
inner  end  near  membrana  tympani,  though  it  b  smaller  in  the  middle 
(inner  end  of  cartilaginous  portion)  £an  between  that  and  the 
membrana  tympani.  If  there  is  an  abnormal  narrowing  of  the  inner 
segment  there  is  no  impairment  of  the  hearing.  If  there  is  an  abnonnal 
narrowing  of  the  outer  end  there  is  an  unmistakable  impairment  of 
hearing. 

(y?)  Course. — ^The  meatus  presents  two  segments  meeting  at  an 
obtuse  angle,  the  cartilaginous  portion  passes  upward  and  inward 
and  backward,  the  bony  portion  passing  downward,  forward,  and 
inward.  '^This  makes  a  direct  transmission  impossible;  the  somid 
waves  must  be  reflected  at  least  twice  before  impinging  upon  the 
membrana  tympani. 

(;)  Reflecting  Surfaces. — ^The  description  already  given  would 
lead  us  to  suppose  that  these  surfaces  are  conical  ones,  but  the  cross- 
section  of  the  meatus  is  always  elliptic  in  general  outline,  and  there 
is  a  depression  on  the  posterior  wall  of  the  cartilaginous  segment  and 
one  on  the  anterior  wall  of  the  bony  segment.  The  more  external 
depression  presents  an  ellipsoidal  surface,  while  the  more  internal 
one  presents  a  paraboloid  surface.  Professor  Dench  in  his  text-book 
on  the  diseases  of  the  ear  cites  this  fact  as  advantageous. 

{n)  The  Hairs  and  Secretions  of  the  meatus  are  for  protection. 
They  catch  dust  and  any  insects  that  might  attempt  to  enter. 

3.*  The  Membrana  Tympani.— (a)  General  Structure:  This 
delicate  nienibrane  possesses  a  skin,  a  mesenchymal  framework,  and 
a  hypoblastic  mucous  membrane.  The  mesenchyme  consists  of 
inelastic  connective-tissue  fibres  which  are  either  circular  or  radial. 
The  accoTiipanjing  figurt*  (Fig.  234)  shows  the  general  course  of  the 
radial  and  circular  fibres  of  the  middle  layer  or  framework  of  the 
nienibrane. 


PkOtacrmpUr  reiMwrituiiun  o(  rlghl  mL'nilinna  lympud  rlawed  tnan  wlUilu:  1,  dlridad  iMad 
nf  niAUmai  Z.Deck  :  S.  bwiillc.  wltb  fttlKCbiosiitof  teiiilona''U!RMir  lyrnimil .  t.iUrldnl  leniltiii : 
k  4i,  lona  tuuiillf  aTDHllxaa;  7,  imUr  nuliaUiig  null  Iniivr  r?1rcDlir  (Ibm  of  irmpatilr  membrana; 
fl.llt«nanii|«nrlrellmtanmbmulTin|«nl;  S,  14,  l.'i.deuutle'l  nbmoramtiei :  lU.  tl.  ixMtcrlor 
puckalcaiu«Uii|tw1lhnull«w;  l;i.  uiwrior  iiicket  j  1.1, cluinla Ijrmpuil aerve.  (AAvt  Pllnluiil 
tioaititer.i 

(r)  TiiH  Akea  uf  tue  MEMBitANE.-lt  presents  aii  elliptical  surfaee 
whose  axes  nre  about  10  ami  8  mm.  The  an-a  would  Ix-  appmxi- 
matety  («  =  ;Tr'  ;  «  =  3.141(1  X  (4,5)'  =)  (iS.ristj.  i 

(S)  TiiK  Question  of  Kunimmental  Tone.— Kvcry  (Ixcil  taut 
•itring  and  typicul  drum  membrane  possesses  a  funilainental  tone. 
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If  the  membrana  tyiiipani  possessed  a  fundamental  tone  it  woulil 
greatly  impair  its  utility  as  a  transmitting  membrane  for  sounds 
of  (liffereiit  pitch.  The  membrana  tympani  does  not  posses  i 
fundamental  tone  because:  (i)  It  is  elliptical  in  outline,  (u)  Its 
vibrations  are  dampened  by  the  attachment  of  the  handle  of  Uk 
malleus,  (in)  ITie  connective-tissue  fibres  which  radiate  outwud 
from  the  handle  of  the  malleus  as  a  part  of  the  substantia  pni|Hii 
of  the  membrane  are  of  various  lengths  and  of  sH^tly  vsrying 
tension.  A  fuJutamentai  tone  for  the  mmhrana  tympani  m,  thertJM, 
an  acoustic  {mpossihiiUy. 

(t)  The  External  Convexity  of'  its  Radiating  Fibres- 
Helmholtz  has  shown  that  an  impulse  against  the  tonvcx  surface  of 
the  taut  membrane  will  have  a  greater  effect  in  driving  the  handle  of 
the  malleus  inward  than  would  be  the  case  if  the  taut  membniK 
were  a  plane  surface.    When  we  consider,  however,  that  the  dirertJMi 


ShowiDR  incline  aC  membrana  tympanl.  Lever  sfMem  of  Uw  eai. 

of  this  increa-sed  force  would  be  as  indicated  by  the  arrow  a,  Fig.  23.i, 
instead  uf  the  direction  of  arrow  b  the  required  direction;  the  fu\\an- 
tugc  is  not  so  great  as  might  first  appear. 


b.  Part  Played  by  the  Uiddle  Ear,  or  TympaEam. 

(a)  Thk  ErsT.vciiiAN  Turk  permits  etjuahzation  of  pressure  in.'dtic 
iinil  iiutsidf  i)f  the  cavity. 

(jj)  TiiK  l-KVKH  System. — For  the  transmission  of  sound  tlie 
itiidledineudiil  coniliiimtiiin  moves  as  one  lever,  while  the  st^>es 
simply  transmits  the  movements  of  the  end  of  the  incus  to  the  o\t\ 
window. 

Fur  pniteftiim  of  the  membrane  which  closes  the  oval  window 
jind  to  which  the  stn[H>s  i.s  attiidieil.  the  malleoinciidal  articulation 
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is  subject  to  motion  in  such  a  direction  as  to  permit  the  handle  of 
the  malleus  to  be  displaced  outward  without  carrying  the  incus 
with  it. 

The  lever  arms  (Fig.  236)  have  the  ratio  6.3  mm.  to  9.5  mm. 
The  maximum  movement  of  the  end  of  the  handle  of  the  malleus 
is  O.097  mm.,  almost  0.1  mm.   ITie  distance  travelled  by  the  weight 

._*.-  =r.  0.0643,  or  a  little  more  than  ^  of  a 


would  be  ^ 


9.5 


nullimetre.    (Helmholtz.)    In  the  mean  time  the  force  has  been  aug- 

9.5 
naented  by  the  ratio  ' -  ,  or  about  1.5  times — i.  er.,  the  foot  of  the 

6.3 

fiofes  vibrates  through  two-thirds  tlie  amplitude  with  1^  times  the  force 

Tepresefiied  in  the  vibratum  of  the  malleus  handle. 

Fi6.  287 


•'•OT' 


Diagmm  showing  Uie  shape  and  dimenirionB  of  the  foot  of  the  stapes  (a)  and  the  effect  of  con- 
tract Ion  of  the  stapedius  muscle  (§tp.)  liiling  the  "  toe  "  of  the  stapes  up  fh>m  the  plane  of  the 
ftMramen  (ax.).    (After  Testut.) 


The  size  of  the  foot  of  the  stapes  is  2.65  sq.  mm.;  while  the  area  of 
the  fenestra  =  3.8  sq.  mm.  The  area  of  the  annular  ligament  is 
1.15  sq.  mm. 

c.  The  Summed-up  Force. 

As  all  of  the  energy  received    by   63.5    sq.    mm.   of    tympanic 

membrane  is  transmitted  to  2.65  sq.  mm.  of   stapes,    we   have    a 

proportionally  greater   intensity   of   vibration.      '^Phe   c»onvexity    of 

the   membrane  increases  the  intensity.      Assume  a    ratio   of    2:1. 

9.5 
ITie  lever  system  increases  the  intensity  by  a  ratio  of  ' '  .    Summing 

6.3 

up  these  ratios  we  have  a  final  intensity  (/)  bearing  the  following 

ratio  to  the  initial  intensity  (i) : 

I   "2.(55^    I    ^6.;^"'^^^' 
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The  intensity  per  unit  area  is  multiplied  many  times  in  the  cowh  oj 
its  transmission.  On  the  other  hand,  the  amplitude  is  deereated  to 
only  two4hirds  of  the  original  amplitude. 

d.  The  Movements  of  the  Stapes. 

The  full-line  figure  indicates  the  position  of  the  stapes  when  the 
stapedius  muscle  (stp..  Fig.  237)  is  relaxed.  The  dotted  outline 
indicates  the  position  of  the  stapes  when  the  muscle  is  strongly 
contracted.  'Diis  shows  the  motion  of  the  stapes  to  be  a  rocking 
around  the  pivot  p.  The  wider  area  of  the  annular  ligament 
anteriorly  permits  the  motion.  The  maximum  amplitude  of  the 
upper  end  of  the  stapes  is  about  0.064  mm.,  or  -f^  mm.  Hiat 
would  give  the  anterior  end  of  the  foot  an  amplitude  considerably 
more  than  ^  mm.  and  the  posterior  end,  or  heel,  an  amplitude 
of  about  zero,  or  even  possibly  a  slight  negative  vibration.  But 
these  are  the  conditions  when  the  pitch  is  low,  the  amplitude 
of  the  membrana  tympani  great  and  the  stapedius  strongly  con- 
tracted. These  conditions  would  be  likely  to  exist  when  the  ear  is 
receiving  loud  noises. 

In  the  reception  of  the  musical  tones  of  the  human  voice  or  of  a 
musical  instrument  it  is  not  probable  that  the  rocking  motion  exists. 
ITie  amplitude  of  the  motion  may  be  as  little  as  lo^p^^  mm. 

e.  The  Perilymph  of  the  Scala  Vestibuli. 

This  takes  up  the  vibrations  of  the  foot  of  the  stapes  and 
transmits  them  to  the  organ  of  Corti,  and  through  the  scala 
tympani  back  to  the  foramen  rotundum,  whose  membrane  serves  to 
equalize  and  temper  the  pressure  within  the  labyrinth. 


2.  THE  RECEPTION  OF  SOUND. 

The  end  organ  of  sensation  is  the  organ  of  Corti.  The  modified 
epiblastic  cells  arc  the  hair  cells  of  the  organ  of  Corti.  About  these 
modified  epiblastic  cells,  or  special  receiving  cells,  the  dendrites  of 
the  cochlear  branch  of  the  auditory  (VIII)  nerve  arborize.  "^The  cell 
lM)dy  of  the  auditory  neurone  of  the  /  order  (whose  dendrites  arborize 
about  the  liair  cells)  lies  in  the  spiral  ganglion;  the  neuraxone  passes 
to  the  sonsorium  of  the  central  nervous  system.  The  way  in  which 
the  terminal  nerve  ends  are  stimulated  is  a  matter  of  speculation. 

(a)  The  Harp  Theory  of  Helmholtz  briefly  expressed  is: 
1st.  The  vibrations  of  the  medium  received  by  the  membrana  tympani 
are  transmitted  across  the  tympanic  cavity  and  to  the  perilymph  of 
the  vestibule,  with  somewhat  decreased  amplitude,  but  much  increased 
intensity,  as  given  in  detail  above.     2d.  The  perilymph  as  well  as 
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the  endolymph  of  various  canals  of  the  cochlea  take  up  vibrations 
which  correspond  in  number  per  second  (pitch)  with  their  own. 
3d.  The  hair  cells  resting  upon  fibrillse  which  are  set  into  vibration 
vibrate  with  the  fibrillae  and  thus  stimulate  the  nerve  filaments  which 
arborize  around  them. 

09)  The  Telephone  Theory  op  Waller  makes  the  basilar 
membrane  analogous  to  the  telephone  membrane  which,  as  we  know, 
may  be  thrown  into  vibrations  of  varying  pitch,  even  reproducing  a 
piece  of  music  with  its  complex  chords.  The  movements  of  the 
membrane  here  represent  a  resultant  of  all  the  impulses  which  affect ' 
it,  and  bodies  resting  upon  such  a  membrane  would  likely  be  affected 
in  a  manner  analogous  to  the  way  in  which  fine  sand  on  a  vibrating 
plate  is  affected — i.  e.,  thrown  into  an  infinite  variety  of  resultant 
patterns  or  combinations.  This  theory  makes  perception  of  different 
tones  a  perception  of  different  patterns  in  the  vibrating  membrane. 


3.  THE  8EH8ATIOH  AND  PERCEPTION  OF  SOUND. 

a.  The  Range  of  Auditory  Sensation  and  Perception. 

1.  The  Range  of  Pitch. — (a)  The  Lower  Limit  is  generally 
accepted  as  16  vibrations  per  second. 

(/9)  The  Upper  Limit  is  far  beyond  the  upper  note  of  the  piano- 
fortey  being  usually  somewhere  in  the  octave  between  C^'  and  C^" 
above  middle  C — ue.,  representing  between  16,704  and  33,408 
vibrations  per  second  (international  pitch). 

(y)  The  Range  would  thus  be  for  the  human  ear  10  to  11  octaves. 
The  range  for  one  particular  human  ear  would  probably  not  exceed 
9  or  10  octaves,  because  an  ear  that  can  perceive  33,000  vibrations 
per  second  would  not  perceive  16  vibrations  per  second  as  a  con- 
tinuous musical  tone,  but  as  a  rapid  succession  of  noises.  Nine 
octaves  may  be  accepted  as  the  average  limit  for  the  individual 
human  ear. 

The  range  of  perception  of  pitch  varies  with  age.  At  the  age  of 
ten  years  the  upper  limit  of  pitch  is  about  40,000  per  second  (E^")> 
while  at  the  age  of  fifty  years  it  has  receded  to  about  30,000  per 

second  (B^')- 

2.  The  Range  of  Intensity.— The  lower  limit  of  the  range  of 
intensity  represents  the  acuteness  of  the  hearing  for  faint  sounds. 
Schafhautl  says:  "A  person  of  acute  hearing  can  detect  the  sound 
made  by  a  cork  ball  weighing  one  milligram  (0.001  gm.)  falling  one 
millimetre  (1  mm.)  upon  a  glass  plate  91  millimetres  distant  from 
the  tip  of  the  tragus  and  directly  opposite  to  the  meatus/ 


fy 


592  SPECIAL  PHYSIOLOGY 

b.  Judgments  Based  upon  Auditory  Sensations  and  Perceptions. 
Estimate  of  Distance  and  Direction  of  Source  of  Sounds. 

This  topic  belongs  to  psychology.  It  may  be  briefly  stated  that 
the  estimate  of  direction  and  distance  is  neither  a  sensation,  a  per- 
ception, nor  a  conception,  but  is  the  result  of  subconscious  reasoning 
based  upon  a  series  of  sensations,  perceptions,  and  conceptions.  The 
young  child  estimates  direction  and  distance  only  after  many  sensa- 
tions have  been  received.  With  increasing  experience  the  estimation 
of  direction  and  distance  becomes  gradually  more  perfect.  At  first 
the  result  of  a  conscious  effort  it  becomes  eventually  subconscious  or 
an  automatic  judgment. 

VIL  VI8I0H. 

INTRODUCTORY. 

1.  Physiologic  Optics. 

2.  Comparative  Physiology  of  Vision. 

3.  Embryology  op  the  Human  Etb. 

4.  Summary  op  the  Anatomy  and  Histology  of  the  Eye. 

THE  PHYSIOLOGY  OF  VISION. 

.1.  Visual  Optics:  The  Eye  as  an  Optical  Instrument. 

1.  Visual  Refraction:  The  Refractive  Apparatus  of  the  Eye. 

(a)  Applicatioji  of  the  Laws  of  Refraction  to  the  Mammalian  Eye, 
(6)  Accommodation. 

(1)  The  Mechanism  of  Accommodation 

(2)  The  Range  of  Accommodation. 

(f)  Imperfections  of  the  Refractive  Apparatus  of  the  Eye. 

2.  Vist'al  Mechanics:  The  Directive  Apparatus  of  the  Eye. 

(a)  Monocular  Fixatum^. 
{())  Binocular  Fixation  and  Convergence. 
B.  Visual  Sensation:  The  Eye  as  the  Sense-organ  of  Vision. 

1.  Retinal  Stimulation. 

{a)   The  Stimuli. 

{h)   The  Irritability  of  the  Retina. 

(1)  Factors  Involved  in  Retinal  Irritability. 

(2)  Direct  and  Indirect  Vision 

2.  Visi'AL  Skxsations. 

{a)  Fumld mental  Sensations. 

(1)  Form. 

(2)  Intensity. 

(3)  Color. 

(^/>)  Srcondnry  Sensatimt^. 

(1)  After-images. 

(2)  a^ntrast. 
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(r)  Color-blindness. 

(1)  Complete  Color-blindness. 

(2)  Yellow-blue  Blindness. 

(3)  Red-green  Blindness. 

(4)  Acquired. 

(5)  Normal  Color-blindness. 
3.  Visual  Perceptions  and  Judgments. 

(o)  Acuteness  of  Vision, 
b)   Visual  Estimates. 

(1)  Estimate  of  Distance. 

(2)  Estimate  of  Size. 


1.  PHT8IOLOOI0  OPTICS. 

a.  Defimtions. 

(«)  Optics  is  the  science  of  the  phenomena  of  Light,  It  comprises 
the  study  of  the  sources  of  light;  the  production  of  light;  the  propaga- 
tion of  light,  and  its  various  properties. 

(/?)  Light  is  a  Mode  of  Motion.  The  luminosity  of  a  body  is 
due  to  an  infinitely  rapid  vibratory  motion  of  its  molecules,  which, 
when  communicated  to  the  ether  is  propagated  in  all  directions  in 
the  form  of  spherical  waves,  and  this  vibratory  motion,  transmitted 
to  the  retina,  calls  forth  the  sensation  of  vision  (Ganot).  The  vibra- 
tions of  the  ether  are  transverse  to  the  direction  of  the  undulation — 
I.  e.,  they  are  transversal  vibrations, 

(y)  A  Luminous  Ray  is  the  direction  of  the  line  in  which  the 
light  is  propagated.  Every  luminous  body  emits  divergent,  recti- 
linear rays  from  all  points  of  its  surface,  and  in  all  directions. 

(fi)  A  Medium  is  any  space  or  substance  which  light  can  traverse. 
Media  may  be  transparent,  or  translucent. 

Transparent  media  may  be  of  various  densities:  glass  is  more 
dense  than  water,  water  more  dense  than  air,  and  lower  strata  of  air 
more  dense  than  higher  strata. 

(e)  The  Term  Physiologic  Optics  may  Ix*  applied  to  that 
[X)rtion  of  the  general  field  of  optics  which  deals  with  the  transmission 
of  light  through  the  media  of  the  organ  of  vision.  Physiologic 
optics  deals  properly  with  refraction,  though  reflection  is  also  fre- 
quently treated  under  this  head. 

h.  Refraction. 

Prop.  i.  \Vhen  a  ray  of  light  passes  from  one  medium  into 
another  me<iium  in  a  line  })erpendicular  to  the  plane  separating 
the  two  media,  the  ray  will  continue  its  course  in  an  unbroken  straight 
line  in  the  second  medium. 
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Prop.  u.  When  a  ray  of  light  passes  from  one  medium  into 
another  medium  in  a  line  not  perpendicular  to  the  plane  separatJiig 
the  two  media,  the  ray  will  be  broken  at  the  surface  of  the  seixind 
medium. 

Prop,  ni.  The  plane  determined  by  the  two  s^ments  of  the 
broken  ray  is  perpendicular  to  the  plane  which  separates  the  two 
media.  Cordlary :  If  the  surface  separating  the  two  media  be  i 
curved  one,  the  plane  determined  by  the  ray  will  be  perpendicuUr 
to  a  plane  tangent  to  the  curved  surface  at  the  point  of  intersectiini 
of  the  ray. 


Diagram  to  lUugtnte  reftmcUoa. 


Proi'.  IV.  If  the  second  medium  l>e  denser  than  the  first  medium, 
the  aiif^le  Ix-tween  the  ray  and  the  normal  will  be  less  in  the  second 
medium  than  in  the  first,  and  conversely. 

Prop.  v.  The  ratio  between  the  sine  of  the  angle  of  incidence 
and  the  sine  of  the  angle  of  refraction  i.s  constant  for  any  two  media.' 


angli  nf  ineiilttia  1h  (he  angle  belwi 
angle  <{f  incidmce  tii  Fig.  "Of  \r  Ibe  I: 
li  tbe  ungie  between  the  rerracted  j 
medium  ix  the  r&lio  between  the  bIi 
the  Jine  of  the  angle  of  inelrtcnce  v 


Rf  of  refrBcllon  (Or  w 


to  Ihe  furibee  of  a  medlnm  at  (he  point  of  Inddenee.  Tki 
in  the  Incident  ny  and  Ihe  normal  (u  /a).  The  itMiif  At 
le  a  JVmeuured  upon  UieTadlmaO.    Tin  migfe  tf  ttftaHiK 

ly  and  the  normal  f^a'O^.  Tbe  Index  of  rtftacdoD of UT 
•  of  the  angle  of  refraction  In  that  medlnm  compand  slUi 
ben  ]lgb(  [luaeii  from  a<r  Into  the  medium  In  qneptlao.   For 
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As    .     p  is  a  constant  for  any  particular  medium,  it  is  customary 

o  use  /i  to  express  this  constant  for  air  and  each  other  medium, 
espectively. 

Prop.  vi.  If  a  ray  pass  from  any  medium  through  a  denser 
nedium  which  is  bounded  by  two  parallel  planes,  it  emerges  from 
he  denser  medium  in  a  line  parallel  to  its  course  before  meeting 
hat  medium.    (See  Fig.  239.) 

FlO.  289 


Vimgnm  shoMing  path  of  ray  through  a  denser  medium  bounded  by  two  parallel  sides. 

Prop.  vii.  If  a  ray  pass  from  any  medium  through  a  denser 
nedium  which  is  not  bounded  by  two  parallel  planes,  it  emerges 
n  a  line  not  parallel  to  its  original  course,  but  invariably  refracted 
oward  the  base.'    (See  Fig.  240.) 

Prop.  viii.  The  rays  of  light  emitted  from  a  luminous  point  in 
he  optical  axis  will,  on  passing  through  a  convex  lens,  be  converged 
oward  the  optical  axis — i.  e.,  more  convergent  or  less  divergent.' 

>  **A  prifm  in  optics  is  any  transparent  medium  comprised  between  two  plane  fsoes  inclined  to 
aeb  other."  (Ganot.)  The  apex  of  the  prism  is  the  line  of  intersection  of  the  two  planes.  The 
(ueof  the  prism  is  the  boundary  surfkoe  opposite  the  apex ;  unless  otherwise  defined,  it  is  under- 
tood  to  be  perpendicular  to  a  plane  bisecting  the  angle  of  tbe  apex.  The  angle  of  the  prism  is 
lie  ADgle  between  the  bounding  planes.  The  angU.  of  deviation  is  the  angle  between  the  incident 
sy  and  tbe  emergent  ray. 

t  A  eomffex  lent  is  the  optical  equivalent  of  an  infinite  number  of  prisms  standing  base  to  base. 

A  comeaice  lent  is  the  optical  equivalent  of  an  infinite  number  of  prisms  standing  apex  to  apex. 

The  optieal  axit  is  tbe  line  perpendicular  to  the  plane  of  a  lens  and  parsing  through  its  optical 
entiv. 

Tbe  optical  centre  is  a  point  in  the  optical  axis,  any  ray  paHslng  through  which  pufl)*rs  no 
l«TiatSon. 

Th9  prinetpal  foeut  is  that  point  at  which  parallel  rays  meet  in  pasxing  through  a  convex  lens. 
i  onneave  lens  has  no  real  focuw,  but  a  virtual  focus  in  the  negative  direction. 

Tbe  prine^iKU  focal  ditianee  Is  tbe  distance  between  the  optical  centre  of  the  convex  leno  and 
he  principal  focus. 
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Prop.  ix.  Rays  of  light  emitted  from  a  luminous  point  in  the 
optical  axis  will,  on  passing  through  a  concave  lens,  be  diveijed 
from  the  optical  axis  or  will  become  more  divergent  or  less 
convergent. 


FlO.  240 


Diagram  showing  path  of  ray  through  a  prism.  Note  that  the  incident  ny  is  bent  to  the  bod- 
zontal  direction  in  the  prism,  and  is  refracted  again  on  emerging  Ktlll  farther  toward  tbe  teie. 
If  the  two  rays  (incident  and  emergent)  be  extended  in  the  dotted  lines  they  will  meet  ttan 
angle  Indicated  in  the  figure.    This  angle  is  called  the  angle  of  dtviaUoH, 

Pkop.  X.     The  sum  of  the  reciprocals  of  the  conjugate  focal 
distances  is  equal  to  the  reciprocal  of  the  principal  focal  distance/  or 


o  I 


1 


01 

o  -f   I 
of  image,  and  /  =  principal  focal  distance. 


=  ^>  or  /  = 


.  when  o  =  distance  of  object,  i  =  distance 
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The  relation  ol  tbe  conjugate  foci  to  the  principal  focal  distance. 

The  Simple  Dioptric  System. — ^The  simple  dioptric  system  is  one 
ill  which  the  ray  passes  from  one  medium  into  a  second  medium  of 
(littVreiit  refractive  index,  the  surface  of  separation  of  the  two  media 
l)ein^  a  spherical  surface.  In  the  accompanying  figure  (Fig.  242) 
the  spherical  surface,  s\  .9,  /?,  .?",  separates  the  medium  w,  whose 
refractive  index  is  1  fn)in  the  medium  m-  ,  whose  refractive  index 
is  1 .5. 


'  ronjitgate  Foci.  U  the  source  of  li^ht  be  nenr  enough  to  the  lens  so  that  the  myt  are  not 
]uiralk'l,  but  divergent,  the  lens  will  not  bring  them  to  a  focus  so  soon  as  in  the  first  ins4iiKe ; 
€.  [J.,  rays  from  the  i>oint  0  would  be  locused  at  the  point  /.  O  and  /are  the  conjugate  loci,  voA 
0  and  i  are  the  conjugate  focal  distances,  respectively. 
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Note  the  following  cardinal  points  of  a  simple  dioptric  system: 

The  centre  of  curvature  of  the  spherical  surface  (n)  in  the  nodal 
point. 

That  radius  n  p  which  is  the  centre  of  symmetry  of  the  dioptric 
system  is  called  the  principal  axis  of  the  system.  In  this  axis  lie  the 
first  and  second  principal  foci,  f  and  f,  respectively.  The  point  where 
the  optical  axis  cuts  the  spherical  surface  (p)  is  called  the  principal 
point.  The  plane  tangent  to  the  spherical  surface  at  this  point  is 
the  principal  plane.  Planes  perpendicular  to  the  optical  axis  at  /' 
and  /  are  called  the  first  and  second  principal  focal  planes,  respectively. 

1st.  The  ray  r  s  meeting  the  spherical  surface  perpendicularly 
will  not  be  refracted  at  s,  but  will  pass  on  through  the  nodal  point. 

2d.  The  ray  /  s'  parallel  to  the  principal  axis  in  the  first  medium 
is  refracted  at  the  spherical  surface  and  cuts  the  principal  axis  at 
f — it  passes  through  the  second  principal  focus. 

FlO.  242 


Diagram  to  ihow  the  cardinal  points  of  a  simple  dioptric  system. 

3d.  The  ray  r"  /'  cutting  the  principal  axis  at  /  in  the  first  medium 
{m)  is  refracted  at  sf'  and  traverses  the  second  medium  parallel  to 
the  principal  axis. 


2.  COMPARATIVE  PHTSIOLOOT  OF  VISION. 


The  most  primitive  manifestation  of  sensitiveness  to  light  is  that 
manifested  by  most  unicellular  organisms.  Most  unicellular  plants 
gather  upon  the  best  illuminated  side  of  an  a(|uarium.  Most  multi- 
cellular algBe  show  sensitiveness  to  light  either  by  movements  of  the 
plant  as  a  whole  or  by  movements  of  the  chlorophyll  grains  within 
the  plant  cell.  One  can  recall  various  examples  of  light  stimulation 
— ^heliotropism — in  higher  plants.  But  plants  have  no  sj)ecialized 
oi^ns  responsive  to  light;  simply  primonlial  pmtoplasm  and  the 
green  pigment  chlorophyll. 

Many  protozoa  show  a  sensitiveness  to  light.  Pelamyxa  and 
Pleuronema,  amoeba-like  animals,  both  contract  all  pseudopodia 
when  light  falls  upon  them.    If  one  side  of  an  aquarium  is  in  deep 
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shade  these  protozoa  present  in  the  aquarium  will  always  be  foood 
there. 

Many  caslenteraia  possess  eye  spots,  which  must  be  recc^zed  u 
the  most  primitive  organ  of  vision.  The  eye  spots  are  simply  patches 
of  pigment  which  are  more  sensitive  to  light  than  is  protoplum 
generally. 

Eckinoderma  possess  these  primitive  eyes  in  a  very  simple  loim. 
The  eye  spots  at  the  end  of  a  starfish's  arms  consLst  of  a  group  of 
little  invaginated  pits,  the  cells  of  which  are  developed  from  ■  mI 
pigment,  and  are  in  communication  with  the  nerve  ring  througfa 
special  sensory  nerve  fibres. 


Part  of  tbe  compound  eye  at  playgaMa. 
an  intnropod.  Tbe  letlnkl  cells  are  Been 
U>  be  united  Into  a  retlaula,  r,  which  In 
dmeRnllaled  Inlo  a  rbabdoni.  m.  poa- 
(urlorly:  e.  e.  cryaUilltne  cone;/,  facet  of 
comiwund  ere  ;  pg,  plgmeal.    (From  Bell, 


Tiirbellarians  (vermes)  have  eyes  in  which  the  pigment-contwniDg 
cells  arc  differentiated  from  the  sensitive  cells.  Some  of  these  low 
worms  liitvo  s<'veral  hundred  eyes,  but  the  higher  worms,  as  repre- 
■si'iitcd  by  the  polycha?t«,  have  a  pair  in  each  segment,  each  fjf 
liHviiig  a  lens,  a  gelatinous  vitreous  humor,  a  layer  of  rods,  and  a 
layer  of  pigment.    The  common  earthworm  is  blind. 

'Vhv.  inollu-ic.i  wliich  are  not  blind  have  more  primitive  eyes  than 
the  higher  worms.  The  cepfialopod  mollusc,  however,  has  a  hi^ly 
devckiped  eye,  comprising  a  cornea,  a  lens,  a  ciliary  body,  a  retina 
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with  internal  and  external  layers,  a  pigment  layer  (clioroid),  an  optic 
nerve.  Theeye  is  subspherical  in  shape,  and  is  protected  byspherical 
fibrous  layers  similar  to  the  sclera  of  a  vertebrate's  eyes. 

TTie  artkropoda  show  a  remarkably  perfect  development  in  another 
direction — in  the  compound  eye,  ITie  highest  Crustacea  and  insecta 
possess  a  pair  of  these  eyes,  each  having  many  hundred  facets,  each 
with  its  minute  lens  (corneal  facet),its  pigment  sheath,  and  itsretinule 
homologous  to  retina  of  a  simple  eye  {Fig.  243). 

TTie  vertebraia  all  have  eyes  not  very  unlike  those  of  man,  which 
may  be  taken  as  a  type  of  vertebrate  eye. 


3.   KMBRTOLOGT  OT  TBS  HUHAH  ETC.     (Hettwlg'B  Smnnury.) 

1.  The  lateral  walls  of  the  primary  forebraia  vesicle  are  evaginated 
to  form  optic  vesicles  (Figs.  244  and  245). 


2.  The  optic  vesicles  remain  united  by  means  of  a  stalk,  the  future 
opdc  nerve,  with  that  part  of  the  primary  forebr^n  vesicle  which 
becomes  the  Thalamencephalon. 

3.  The  optic  vesicle  is  converted  into  the  optic  cup  through  the 
invagination  of  its  lateral  and  lower  walb  by  the  fundaments  of  the 
tens  and  the  vitreous  body. 

4.  At  the  place  where  the  lateral  wall  of  the  primary  optic  vesicle 
encounters  the  outer  germ  layer,  the  latter  becomes  thickiened,  then 
depressed  into  a  pit  and  finally  constricted  off  as  a  lens  (Figs.  246, 
247  and  248). 

5.  The  cells  of  the  panterior  wall  of  the  lens  vesicle  grow  out  into 
the  lens  fibres;  thaie  of  the  anterior  wall  become  the  lens  epithelium 
(Pigs.  251  and  252). 

6.  The  fundament  of  the  lens  is  enveloped  at  the  time  of  its  prin- 
cipal growth  by  a  vascular  capsule  (tunica  va.sculo,sa  lenti.s),  which 
anerward  entirely  disappears  except  as  given  in  7. 
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7,  Its  anterior  part  becomes  the  transparent  anterior  part  of  (br 
lens  capsule  (Fig.  251). 

8.  The  development  of  the  vitreous  body  is  associated  with  the 
formation  of  the  choroid  fissure  (Figs.  249  and  250). 


ft.  The  optic  capsule  has  double  walls  (inner  and  outer  epn'thelial). 
which  are  continuous  with  each  other  at  the  opening  of  the  cup 
around  the  lens  and  along  the  choroid  fissure  (Figs,  247, 248,  and  249). 


IiiitKnim  sJiowln^  cboraiil 


10.  Mescnchymic  cells  migrate  in  l»etween  the  lens  and  somewhat 
clo.scly  applied  epidermis  to  form  the  cornea  and  Descemet's  mem- 
lirnnc,  the  hitter  U'ing  separated  from  tunica  vasculosa  lentis  bj  a 
fissure — anterior  chamber  (Figs.  251  and  252). 
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11.  The  optic  cup  is  differentiated  into  a  posterior  part  within 
'hich  its  inner  layer  becomes  thickened  and  constitutes  the  retina 
nd  an  anterior  part  which  begins  at  the  ora  s<'rrata,  I)ecome3  much 
lore  reduced  in  thickness  and  extends  over  the  front  surface  of  the 
;ii3,  growing  into  the  anterior  chamber  of  the  eye  until  the  ori^nally 
■ide  opening  of  the  cup  is  reduced  relatively  to  the  size  of  the  pupil. 

12.  The  anterior  attenuated  portion  of  the  cup  is,  in  turn,  divided 
ito  two  zones  of  which  the  posterior  zone  becomes  folded  at  the 
quator  of  the  lens  to  form  the  ciliary  processes,  whereas  in  front  it 
tmains  smooth,  so  that  in  the  whole  cup  three  parts  may  l»e  dis- 
Qguished:  Retina  propria,  Pars  ciliaris  retinfe.  Pars  iridica  retinse 
Kg.  252). 


ecUon.  riity-fbur.dkj'  rab-  From  mcUdd  ot  eye  of  [blrlMD-day  cblck. 

tdl.    INole  iaTulcin  of  mceenctiynie.) 
(Kslllker.) 

13.  Corresponding  to  the  three  portions  of  the  epithelial  optic  cup, 
le  adjoining  me.senchymal  envelope  (choroid)  takes  on  somewhat 
ifferent  conditions,  as:  (a)  choroid  proper;  (b)  connective-tissue 
troma  of  ciliary  body  and  ciliary  muscles;  (c)  connective-tissue 
troma  of  iris  and  muscles  of  iris. 

14.  The  skin  surrounding  the  cornea  becomes  infolded  to  form 
te  upper  and  lower  eyelids  and  the  nictitating  membrane  (ruili- 
lentary  in  man  as  the  plica  semilunaris). 

15.  The  epithelial  layers  of  the  edges  of  the  two  eyelids  grow 
)getlier  in  the  last  three  months  of  development,  but  Ih-couh'  sepa- 
iited  again  before  birth. 

16.  'ITiat  part  of  the  central  nervous  system  In-tween  the  retinal 
up  and  the  thalamencephalon  is  the  fundament  of  the  optic  nerve. 
'he  fibres  of  the  nerve  originate  in  the  thalameiHcphalon  and  grow 
utward  toward  the  retina  din>ugli  optic-nerve  fundament. 
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4.  8UM1UBT  or  THX  AHATOMT  AMD  HXSTOLOOT  OF 
THK  ITS. 

The  following  features  of  the  anatomy  of  the  eye  aie  of  spea'al 
importance  in  the  discussion  of  the  function  of  the  organ : 

1,  The  eye  is  nearly  spherical  in  form  and  possesses  three  coits; 
(i)  A  very  dense,  strong,  outer  coat — the  adera,  modified  anterioriy into 
a  transparent  cornea  (Fig.  253,  2,  3).  (li)  A  very  vascular  middle 
layer — the  choroid,  pigmented  to  &  biownish-black  color  internally. 
Anteriorly  this  coat  has  an  aperture — the  ■pupil — and  is  modified  id 


Uorlsonuil  a«cliun  of  the  ilglil  eyeball:    I,  opiic  nerve ;  Z,  ■clerotlc  eau. ;  ! 
of  Si-blemni;  h.  cborold  poat;  6,  ciliai;  miucle;  7,  Ms;  B.  cr^iMlUDe  lena;  S,  rettu:  10.  bjiMi 
inembruDv:  11,  canal  of  l^llt^  12,  vllreoue  body;  IS,  BiioeouB  bumor.    (IMton.) 

the  region  surrounding  the  pupil  into  an  opaque,  pigmented,  contrwt- 
iiig  and  expanding  diaphragm — the  iru.  The  contraction  of  the 
pujiil  i.s  ateoniplislied  by  circular  muscles,  while  its  expansion  is 
brought  alKiut  by  radial  muscles,  (in)  The  retinal  cup  with  its  outer 
layer  of  i>igment  cells  and  its  inner  cerebnmeuroepitheiial  layer.  The 
retina  i.s  modified  anteriorly,  possessing  a  ciliary  and  an  iri<le»l 
portion  which  line  the  ciliary  tx)dy  and  iris,  respectively. 

2.  The  eyeball  is  occupied  by  the  following  refractive  media  oj 
the  fi/r:  (i)  the  lr>i)i  just  behind  the  iris;  (ii)  the  aqueous  humor 
U'tween  llie  lens  and  the  cornea;  (in)  the  vitreous  kuToor  back  o( 
the  !en.s. 
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3.  The  lens  is  held  in  position  by  the  aiupeTUory  ligament,  whose 
radiating  fibres  pass  out  and  come  into  intimate  contact  with  the 
pajs  nliaris  retinie. 

4.  The  ciliary  body  (Fig.  254)  consists  essentially  of  two  sets  of 
muscle  fibres:  (i)  the  meridional  fibres,  which  extend  from  the 
annular  tendon  (Fig.  254,  e)  backwalrd,  gradually  merging  into  the 
stroma  of  the  choroid  as  indicated  in  the  figures;  (ii)  the  annular 
fibres,  which  form  a  ring  around  the  inner  maigin  of  the  ciliary  body. 

5.  TTie  retina  presents  an  outer  layer  of  black  pigment  cells  and 
w»  inner  layer  which  represents  the  end  organ  of  vision  (Fig.  255). 
I^e  inner  layer  is  subdivided  into  a  neuroepithelial  and  a  cerebral 
layer,  (i)  The  Tteuroepithelial  layer  comprises,  besides  a  supporting 
epithelium  (not  shown  in  the  figure)  an  epithelium  sensitive  to  light. 
These  specialized  cells  remind  one  strongly  of  the  fila  olfactona. 


Section  of  tbe  dUur  rafioD  of  tbe  eye  In  Toma:  a,  Dierldtonal  motcubr  taidcaU  of  (he  ma>. 
calut  dIUrta;  6,  deepcr-iMted  rmdiaUnK  Ik^aull;  e,  e,  e,  mimnlar  plciDi;  d,  knoular  muacla  or 
UUller;  /,  muKuler  Immlns  uf  the  poMerlor  eurftwc  or  the  irii;  g,  mimciilar  pleius  at  the  rlllarr 
boRler oT the IrU;  f.  uinul&rtoiidoii  of  Ihemiieculiuclllftrif;  A. llgunoDtum pectlnMtim.    (Alter 


The  rods  especially  present  the  elements  of  a  typical  neurone:  the 
afferent  member  (a),  the  body  (b),  and  the  efferent  member  (e). 
The  cones  are  not  very  different  (Fig.  255).  The  efferent  member 
of  these  epithelial  neurones  arborize  in  the  outer  reticular  layer  with 
the  neurones  of  the  cerebral  layer.  Like  the  mitral  cells  of  the 
olfactory  lobe  {q.  v.),  these  neurones  of  the  second  order  arborize  with 
several  of  the  epithelial  neurones,  (ii)  The  cerebral  layer  consists  of 
two  series  of  neurones  whose  cell  bodies  form  the  inner  nuclear  layer 
and  the  ganglion-cell  layer.  These  two  series  of  neurones  differ 
slightly  as  to  the  disposition  of  their  parts.  Those  which  connect 
with  the  cones  arborize  with  the  ganglion  cells  in  the  inner  reticular 
layer;  those  which  connect  with  the  rods  arborize  around  the  bodies 
of  the  ganglion  cells  in  the  ganglionic  layer.  The  neuraxones  of  the 
ganglion  cells  pass  along  the  inner  surface  of  the  retina^/,  e.,  next  to 
the  vitreous  humor — to  join  with  the  fibres  making  the  optic  nerve. 
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6.  The  eyeball  rests  in  a  bony  socket  on  a  bed  of  fat.  It  is  proiided 
with  lids,  lashes,  and  brows,  and  a  lacrymal  apparatus  hy  wavof 
protection ;  and  with  four  straight  and  two  oblique  muscles  (o  dired 
it.  The  straight  muscles  are  the  superior,  ejttemal,  inferior,  and 
internal  recti.  The  oblique  rauscles  are  the  superior  and  inferior 
oblique. 


i1  llmlUDg 


GaDKlioD-cell 


Diagram  sbowlng  the  neuronal 


ibe  retina.  Nnla  Uut  the  upper  p*rt  oT  tbe  BfoR 
I  the  vitreous  body,  or  tbe  Inner  lurliipe  of  the  rodna,  while  the  ki»o 
□r  the  retina.    (CajU'a  BgUK,  KUnewbat  modlAed.) 


THE  PHTSIOLOOT  01"  VISION. 

1  f  the  student  has  mastered  the  general  principles  of  refraction,  and 
lias  familiarized  himself  with  the  structure  of  the  eye,  he  i.s  reailv 
lo  consider  the  function  of  the  organ. 

\'i,sion  compri.ses  two  distinct  phases  of  activity:  (r)  Ojptiral,  in 
which  ()liase  tlic  eye  as  an  optical  instniment  focuses  upon  the  retina 
imagi's  of  objects;  (ii)  Sensory,  in  which  the  sensorinm  is  made 
conscidiis  iif  ihe  fiinn  and  color  of  the  image  through  the  neiim- 
epitliclial   cells — iiids   and   cone.s — and   the  two  onlers  of  sensorr 
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.  VISnAL  OPTICS:   THE  ETE  AS  AN  OPTICAL  INSTRUMENT. 

Possessing  a  lens,  with  an  adjustable  focal  distance,  a  diaphragm 
^ith  an  adjustable  aperture,  a  pigment  lining  for  absorption  of 
ispersed  light,  and  a  screen  for  the  reception  of  the  image,  the  eye 
lUst  at  once  be  recognized  as  a  typical  optical  instrument.  Used 
s  it  is  for  viewing  distant  objects  whose  images  are  infinitesimal 
ompared  with  the  objects,  the  eye  resembles  a  telescope.  But  the 
djustable  diaphragm  in  front  of  the  lens  and  the  screen  for  the 
eception  of  the  image  are  points  which  make  it  more  strongly 
?semble  the  photographic  camera. 

All  of  the  optical  instruments  consist  of  two  distinct  mechanisms : 
i)  a  refractive  apparatus  for  focusing  the  rays  of  light;  (ii)  a  directive 
pparcitus  for  directing  the  axis  of  the  instrument  at  the  object  whose 
mage  is  to  be  viewed. 


1.  VISUAL  REFRACTION:  THE  REFRACTIVE  APPARATUS 

OF  THE  ETE. 

Before  entering  upon  the  consideration  of  this  topic  it  might  he 
nteresting  to  note  that  the  mechanical  and  thermal  stimuli  of  one's 
invironment  are  quite  unmodified  preparatory  to  their  stimulation 
>f  the  sensory  end  organs,  and  the  pressures  and  tensions  and  tem- 
)erature  act  directly  upon  the  sense  organs  transmitted  practically 
inmodified  through  the  superficial  layers  of  the  cuticle.  The  chemical 
igents,  however,  which  serve  to  stimulate  the  sensory  nerves  of 
inriell  and  taste  must  enter  into  solution  before  the  end  organs  are 
itimulated.  Furthermore,  the  vibrations  of  ponderable  matter  must 
ye  condense<l  and  intensified  by  the  transmitting  apparatus  of  the 
»ar  before  they  can  sufficiently  stimulate  the  end  organs  of  hearing. 

Finally,  the  vibrations  of  the  imponderable,  luminiferous  ether  can 
>nly  be  recognized  as  light  by  the  primitive  eye  spots  of  the  ccelente- 
•ates  and  echinoderms.  Nature  has,  through  the  lapse  of  the  ages, 
•volved  a  visual  sense  organ  which  is  able  to  recognize  not  only  the 
lifference  l)etw(H.»n  light  and  darkness,  but  also  to  |)ert*eive  the  fonn 
md  color  of  distant  objects.  In  onler  to  accomplish  this,  rays  of 
ight  are  focused  into  a  clearly  defined  image  through  the  refractive 
tpparatus  of  the  eye. 

a.  Application  of  the  Laws  of  Refraction  to  the 

Mammalian  Eye. 

The  dissei*tion  of  an  eve  rt» veals  several  rt»fractivc  media  (cor- 
ica,  aqueous  humor,  lens,  and  vitreous  humor)  and  several  curved 
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surfaces  bounding  this  media.  In  determining  the  focal  distance  of 
a  lens  one  must  know  the  radius  of  curvature  and  the  refractive  indeL 
In  determining  the  focal  distance  of  a  system  of  refractive  media  and 
surfaces  one  must  know  (i)  the  radius  of  curvature  of  each  surface, 
(ii)  the  refractive  index  of  each  medium,  and  (in)  the  location  of  their 
cardinal  points  upon  the  principal  axis  of  the  system. 

The  retina  receives  its  light  through  a  system  of  media  and  surfaces, 
as  indicated  in  the  following  table: 


Media. 


Air  . 
Cornea    . 
Aqueous  humor 
Lens 
Vitreous  humor 


IMDBX  or 
Rkpeaction. 


1.000 

18897 

1.8865 

1.4871 

1.8865 


SURPACB. 


Radiis. 


Anterior  oomeaL 
Posterior  corneal. 
Anterior. 
Posterior. 


7.829  + mo. 
7J29  — mm. 
10.0  mm. 
6.0  mm. 


This  array  of  media  and  surfaces  would  seem  to  make  a  problem 
too  intricate  to  solve  with  the  means  at  our  disposal.  Notice  first 
that  the  anterior  and  posterior  corneal  surfaces  have  the  same  nufius 
of  curvature — i.  e,,  though  curved  surfaces,  they  are  parallel  and  form 
a  case  under  the  following  theorem :  "  If  a  ray  pass  from  any  medium 
through  a  denser  medium  which  is  bounded  by  two  parallel  planes,  it 
emerges  from  the  denser  medium  in  a  line  parallel  to  its  course  before 
entering  that  medium."  It  is  customary  at  this  point  to  take  the 
anterior  surface  of  the  cornea  as  the  first  refractive  surface  and 
ft  =  1.3365. 

Notice  that  the  index  of  refraction  of  the  aqueous  humor  and 
vitreous  humor  are  the  same.  It  is  now  evident  that  we  have  to 
(leal  with  three  media  (air,  aqueous  or  vitreous  humor,  and  lens) 
with  three  surfaces,  viz.,  anterior  corneal  surface,  anterior  and 
posterior  lens  surfaces,  whose  radii  are  7.829,  6  and  10,  respectively. 
But  even  this  great  step  toward  simplifying  the  problem  leaves  us 
with  a  long  road  before  us  unless  we  can  find  a  short  cut.  "  It  ha*? 
lH»en  shown  mathematically  that  a  complex  optical  system  consisting 
of  several  surfaces  and  media,  centred  on  a  common  optical  axis, 
may  be  treated  as  if  it  consisted  of  two  surfaces  only."*  TTie  location 
of  these  surfaces  and  of  the  cardinal  points  is  given  as  follows  by 
I^andolt: 

1.  The  Normal  Eye.— The  point  r  (Fig.  256)  where  the  principal 
axis  cuts  the  cornea  is  22.8237  mm.  from  the  second  principal  focus 
/'  (the  retina);  C,  the  centre*  of  curvature  of  the  cornea;  s,  the  point 
where  the  optical  axis  cuts  the  anterior  surface  of  the  lens,  is  3.6  mm. 


1  FoKtcr,  Text-book  of  Phj'siology,  1891,  vol.  iv.  p.  9. 
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frotn  r,  the  point  where  the  optical  axis  cuts  the  posterior  surface  of 
the  lens  7.2  mm.  from  r;  I,  the  centre  of  curvature  of  anterior  surface 
of  lens;  S,  the  centre  of  curvature  of  posterior  surface  of  lens. 

2.  Tli«  Aeenratfl  Mathematde  Redaction. — The  reduction  re- 
ferred to  in  the  text  above  ia  represented  by  the  two  refractive  surfaces 
with  nodal  points  n  and  n',  radii  of  5.215  mm.  each,  and  cutUng  the 
optical  axis  at  p  and  p',  located  1 .7532  mm.  and  2. 11  mm.  respectively 
from  r. 

3.  The  Final  Approxiniate  Redaction. — Note  that  p  is  less  than 
0.36  mm.  from  ■^.    One  may  assume  one  nodal  point  N,  and  one 


relracting  ntrface  between  the  computed  ones,  cutting  the  principal 
axis  at  P,  and  introduce  an  error  too  slight  to  be  considered.  But 
this  brings  us  back  to  the  "simple  dioptric  system,"  already  described. 

Having  reduced  the  eye  to  a  single  dioptric  system,  and  having 
familiarized  himself  with  the  optical  properties  of  the  simple  dioptric 
system,  the  student  may  now  profitably  consider  some  of  the  practical 
applications  of  the  optical  properties. 

4.  The  TlBaal  Angle. — The  visual  angle  is  the  angle  wlu'cli  the 
object  subtends  at  the  nodal  point^tlie  angle  v  in  Fig.  257.  it  is 
evident  that  the  object  o  subtends  the  same  angle  as  docs  the  object 
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O,  and  its  length  measured  upon  its  distance  gives  the  same  \isual 
angle,  v;  to  be  concrete,  a  cent  held  near  enough  to  the  eye  could 
obscure  a  great  edifice  which  is  some  distance  away.  Helmholtz 
determined  the  minimum  visual  angle  to  be  50  seconds.  The  maxi- 
mum visual  angle  for  direct  and  distinct  vision  is  not  great,  say 
3  to  5  degrees,  but  varies  considerably  with  different  individuals.  The 


FlO.  2S7 


Illustrating  the  visual  angle  (v)  and  the  relation  of  the  distance  (d)  to  the  length  of  the  object  lo) 
and  image  (<).    iV,  the  nodal  point ;  n,  the  focal  distance,  the  image  being  on  the  redna. 

maximum  \nsual  angle  for  indirect  vision  is  very  great — for  a  white 
or  luminous  body  being  50  to  60  degrees  to  the  meilian  side  of  the/iwf 
of  vision,  60  degrees  above  the  line  of  vision,  70  degrees  below  the 
line  of  vision,  and  more  than  90  degrees  laterally  from  the  line  of 

FlO.  258 


Illustrating  the  optical  axis  and  visual  line.  Angle  a  ^  dd^rees;  F,  fovea  centralis,  orcential  pit 
of  the  macula  hitca  ;  O.D.,  optic  disk,  or  blind  spot,  marking  the  entrance  of  the  optic  n^re. 

vision,  or  over  loO  degrees  in  the  hori7X)ntal  plane  and  about  130 
degrees  in  the  vertical  plane.      (Sc*e  perimeter  chart,  Fig.  264.) 

5.  The  Line  of  Vision. — Refert^nci*  has  been  made  to  the  line 
of  vision.  This  is  the  line  determined  by  the  nodal  point  of  the 
eye  and  the  "point  of  fixation,"  or  the  point  at  which  the  eye  is 
(liR^cted,     Within  the  eye  the  extended  line  of  vision  as  just  defined 
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meets  the  retina  in  the  centre  of  the  macula  lutea,  in  the  fovea  centralis. 
This  line  of  vision  does  not  He  in  the  mathemaiic  axis  of  the  cornea, 
lens,  and  vitreous  humor,  but  crosses  the  raathematic-optical  axis 
in  the  nodal  point.  It  meets  the  retina  between  the  fovea  and  optic 
disk,  and  passes  through  the  centre  of  the  cornea  while  the  line  of 
vision  passes  the  cornea  to  the  median  side  of  the  optical  axis.  The 
angle  between  the  optical  axis  and  the  line  of  vision  is  one  of  about 
5  degrees.    (See  Fig.  258.) 

6.  The  Size  of  the  Retinal  Image. — Given  the  distance  of  the 
object  (d),  the  size  of  the  object  (/),  and  the  distance  from  the  nodal 
point  to  the  retina  (n),it  is  very  simple  to  compute  the  size  of  the 

retinal   image  (x)  from  the  equation  x  :n  =  X  id.or  x  =      ;  n  is  a 

constant    and  equals  1.5677  cm.;  then  x  =   1.5677     .     Express  ^ 

and  d  in  centimetres  and  x  will  be  in  centimetres. 

To  determine  the  minimum  width  of  the  retinal  image  which  is 
able  to  excite  the  sense  of  vision — i,  e.,  which  the  subject  is  able  to 
see — put  a  black  dot  0.2  mm.  in  diameter  upon  a  white  card  and 
move  it  away  from  the  eye  until  it  can  just  be  seen.    Substituting 

0.2  mm.  for  X  in  the  formula  x  =    \'— *->  gives  the  diameter  in 

a  (in  mm.) 

millimetres  of  the  smallest  visible  image. 

7.  The  Optic  Disk,  or  Blind  Spot.— (a)  The  Location  of  the 
Blind  Spot  may  be  determined  as  follows  (Marriotte's  experiment) : 
On  a  white  card  make  a  black  cross  and  a  circle  about  three  inches 
apart.  Closing  the  left  eye,  hold  the  card  vertically  alx)ut  fourteen 
inches  from  the  right  eye  so  as  to  bring  the  cross  to  the  left  side  of  the 
circle.  Look  steadily  at  the  cross  with  the  right  eye,  when  both  the 
cross  and  the  circle  will  be  seen.  Gradually  bring  the  card  toward 
the  eye,  keeping  the  axis  of  vision  fixed  upon  the  cross.  At  a  certain 
distance  the  circle  will  disappear — i,  e,,  when  its  image  falls  upon  the 
entrance  of  the  optic  nerve.  On  bringing  the  card  nearer  the  circle 
reappears,  the  cross,  of  course,  being  visible  all  the  time. 

0?)  The  Outline  of  the  Blind  Spot  may  be  detennined  as 
follows:  Make  a  cross  on  the  c*entre  of  a  sheet  of  white  paper  and 
place  it  on  the  table  about  30  centimetres  from  the  cornea;  close 
the  left  eye  and  look  steadily  at  the  cross  with  the  right  eye.  Wrap 
a  penholder  in  white  paper,  leaving  only  the  tip  of  the  pen  point 
projecting;  dip  the  latter  in  ink,  or  dip  the  point  of  a  white  feather 
in  ink,  and,  keeping  the  head  steady  and  the  axis  of  vision  fixed, 
place  the  pen  point  near  the  cross  and  gradually  move  it  to  the  right 
until  the  black  l)ecomes  invisible.  Mark  this  spot.  Carry  the 
blackened  point  still  farther  outward  until  it  becomes  visible  again. 
Mftrk  this  outer  limit.    These  two  ])oints  give  the  outer  and  inner 
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limits  of  the  blind  spot.  Begin  again,  moving  the  pencil  first  in  an 
upward,  then  in  a  downward  direction,  in  each  case  marking  where 
the  pencil  becomes  invisible.  If  this  be  done  in  several  diameters 
an  outline  of  the  blind  spot  is  obtained,  even  little  promineDces 
showing  the  retinal  vessels  being  indicated. 

ix)  The  Size  of  the  Optic  Disk  may  be  readily  determined  by 
using  the  formula  given  above.  Let  x  equal  the  long  axis  of  the 
disk;  d  the  distance  from  the  nodal  point  to  the  sheet  of  white  paper 
upon  which  the  map  of  the  white  disk  was  drawn.* 

h.  Accommodation. 

When  the  normal  eye  at  perfect  rest  is  directed  at  a  distant 
object,  the  image  is  formed  upon  the  retina — i.  e.y  the  principal 
focal  distance  of  the  resting  normal  eye  is  15.677  mm.  As  long 
as  the  object  is  suflSciently  distant  to  make  the  rays  of  light  from 
any  point  of  the  object  practically  parallel,  the  image  is  focused 
upon  the  retina  of  the  normal  eye  without  any  change  in  the 
dioptric  system  of  the  eye — i.  c,  with  the  elements  of  the  dioptric 
system  in  the  state  of  rest.  The  minimum  distance  to  which  an 
object  may  be  brought  without  requiring  a  readjustment  of  the 
elements  of  the  dioptric  system  is  found  to  be  about  6  m.  (20  ft.). 
In  practical  ophthalmology  this  distance  is  taken  as  infinity  (x)  in  all 
those  problems  which  involve  parallelism  of  the  incident  rays. 

If  an  object  be  moved  along  the  optical  axis  or  visual  line  of  a 
dioptric  system  the  focus  will  recede  and  the  distance  from  the 
nodal  point  to  the  image  will  exceed  the  focal  distance — i*.  e.,  the 
image  would  be  formed  behind  the  retina.  The  image  can  be  seen 
only  when  it  is  focused  upon  the  retina.  The  eye  possesses  the  means 
of  adjusting  itself  to  this  requirement.  The  process  of  adjustment 
is  called  accommodation. 

The  image  is  focused  upon  the  retina  by  varying  the  radius  oj 
curvature  of  the  crystalline  lens.  The  process  of  accommodation  h 
the  process  of  varying  the  cun^aiure  of  the  crystalline  lens, 

\,  The  Mechanism  of  Accommodation. — Various   ways  have 

l)ceii  suggested  by  which  the  radius  of  curvature  of  the  lens  mi^t 
Ik^  incrt*ased;  the  theory  now  generally  accepted  is  that  of  Ilelm- 
lioltzr 

(a)  The  Ohange  in  the  Lens  is  accomplished  through  the  inter- 
action of  two  forces:  (i)  the  elasticity  of  the  lens  body,  and 
(ii)  the  contraction  of  the  ciliary  muscles.  The  lens  when  left  to 
itself  tends  to  become  more  spherical  than  it  is  when  the  eye  is  at 
rest;  it  tends  by  its  elasticity  to  take  the  position  /';  but  the  elasticity 

1  ThiK  distance  equals  the  di(>itance  uf  the  cornea  fkDm  the  paper  plus  7  ram. 
-  First  published  in  his  Uandbuch  der  physiolo^nchen  Optik,  Heidelberg,  1«66.    Given  in  AiH 
in  the  last  eilition,  edited  by  Arthqr  Kiini^,  Berlin,  1896,  pp.  130-166. 
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•f  the  choroid  coat  through  its  relaxed  ciliary  muscles  (m)  and  through 
ts  inelastic  tendons  the  "suspensory  ligaments"  (S.L.)  exert  a  still 
tPonger  tension  in  the  opposite  direction  and  the  lens  is  flattened 
Jid  drawn  down  to  the  position  I.  All  that  is  necessary  to  cause 
he  lens  to  take  the  position  I'  or  any  position  between  I  and  I'  is  for 
he  dliary  muscle  to  contract,  thus  relaxing  the  suspensory  ligaments 
nd  allowing  the  lens  to  become  by  its  own  elasticity  more  neariy 
plierical.  There  are  two  ways  of  convincing  one's  self  of  the  increase 
1  convexity  of  the  lens  during  accommodation. 

(tt)  Thk  Direct  Observation  of  the  Change  in  the  lens  may 
e  accomplished  by  looking  from  the  side  at  the  margin  of  the  iris 
'hen  the  eye  of  the  subject  is  at  rest — i.e.,  focused  upon  a  dis- 
int  object.     Let  the  subject  suddenly  change  focus  to  a  very  near 


lboirlii(  Ibe  nwchuilmi  of  KccominoditlDn  The  hociaHiUtl)'  abaded  leni  and  the  nuBhaded 

I  ihow  tbe  pcwtUonof  tho  pkrtiwbeti  ni  ml  tbe  Tettlolljrahoded  leiuknd  Iris  show  Ibe  post 

n  durlDft  KccominodMloii  for  t,  neur  point  m,  mecldloraU  muscle,  c,  cIfcuIat  miucle,  B  L , 
ipsDKtrT  li^meot    (After  Lanlolt.) 

>ject.  The  iris  at  the  margin  of  the  pupil  will  be  seen  to  advance 
ward  the  cornea— pushwi  out  by  the  lens.  (See  Fig.  251*.) 
(ji)  The  Indirect  Observation  of  the  Chance  may  be  accom- 
ished  by  looking  diagonally  at  the  subject's  eye  (Fig.  260,  E),  while 
light  shines  upon  the  eye  from  position  /,.  The  light  will  l»e  re- 
Kiited  from  the  anterior  surface  of  the  comea,  from  the  anterior  sur- 
/ce  of  the  lens,  and  from  the  posterior  surface  of  the  lens.  When 
le  lens  is  at  rest  the  images  will  have  to  each  other  the  relation  in- 
cated  in  A,  Fig.  260.  If  the  subject  accommodates,  the  middle 
sage  will  move  over  toward  the  corneal  image,  as  shown  in  £  to  a, 
ig.  260.  The  geometric  figure  shows  how  this  change  is  brought 
30ut.  Utilizing  the  principle,  Helmholtz  contrived  an  instrument 
hich  he  called  the  Phakoncope. 

(6)  The   PnpU   Ohan^s  its   Poaition  both  [)a<>.sivfly  niid  activi-ly. 
5  passive  change,  as  it  is  pushed  out  by  the  bulging  leus,  has  been 
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alrea<ly  referred  to.  Its  active  change  may  l)e  observed  readily  if 
one  looks  into  the  eye  of  a  subject  fmm  the  front,  while  the  subject 
directs  his  vision  to  some  distant  object.  I^et  the  subject  then  look 
at  a  near  object  and  the  observer  will  see  the  pupil  contract.  TTiis 
contraction  is  accomplished  through  the  action  of  circular  irideil 
muscles.  The  reason  for  the  contraction  of  the  pupil  is  next  to  sefk. 
One  looks  at  near  objects  in  order  to  study  their  detail  of  structure; 
detail  of  structure  can  l>e  brought  out  in  an  image  of  a  dioptric 
system  only  when  the  spherical  aberration,  caused  by  the  margins 
of  the  lens,  is  corrected.  Work  with  a  microscope  soon  impressw 
the  fact  that  for  high  magnification  (near  vision)  clear  definition  is 
possible  only  when  the  diaphragm  admits  rays  to'  the  centre  of  the 


iit«)tlion;  £.  obKrx'er's  eye ;  /,,  candle. 


fniin  the  snlcrior  mirfice  nf* 
1;  B,  ixxltion  or  iDuicn  nbeo  U> 
ic  Hgure  showing  the  laeon  *i 


lens  I'Xt'lustvely.  In  the  same  way  in  near  vision,  the  eye,  liy  om- 
tractinf,'  its  pupil  (its  iris  diaphragm),  brings  about  a  clear  definition 
of  the  image. 

(«)  'I'liK  Most  Imi>outant  FiNtTiON  of  the  lRi.«i  is  that  »hirli 
it  performs  in  (onjnnttiim  with  the  lens  in  the  act  of  accommoiU- 
tioii. 

(,'i)  Teik  Rklation-  of  tiik  Pl'pil  T(»  Accommodation  is  not  ilie 
sole  function  of  the  iris.  This  changeable  diaphragm  serves  also  an 
important  |nirpose  in  cutting  out  an  excess  of  light.  If  one  ah«ti' 
the  eyes  of  a  subject  and  then  suddenly  allow  the  light  to  strike 
them,  the  pupil  will  ix-  ob.serwil  to  contract  through  the  action  of 
the  circular  muscles  of  the  iri-s.    This  is  a  reflex  afct  in  response  to 
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*  overstimulation  of  the  retina,  the  optic  nerve  acting  as  a  sensory 
rment,  while  the  oculomotorius  is  the  motor  element  of  the  reflex  arc. 
(T')  In  this  connection  it  may  be  added  that  thk  iris  is  an  impor- 
NT  CLINICAL  INDEX  OF  CERTAIN  CONDITIONS.  The  sympathetic 
rvous  system,  from  the  ciliospinal  centre  supplies  the  radiating 
res;  so  that  anything  which  profoundly  affects  the  sympathetic 
item  will  cause  a  dilatation  of  the  pupil.  A  strong  emotion, 
pecially  fear,  causes  a  dilatation  of  the  pupil.  In  deep  chloroform 
Tcosis,  or  in  the  last  stage  of  asphyxia,  the  pupils  dilate.  The 
Adriatic  drugs  (belladonna,  atropia,  etc.)  cause  dilatation.  Paralysis 

the  oculomotorius  causes  dilatation.  The  pupil  contracts  nor- 
lUy  during  sleep,  during  accommodation,  and  strong  light.  When 
e   cervical  is  paralyzed,  when  a  myotic  drug — ^as  physostigmine 

eserine — ^is  applied  locally  or  opium  taken  internally,  the  pupil 
io  contracts. 

2.  The  Range  of  Accommodation.— This  is  the  amount  of 
Tractive  change  induced  by  the  eye  in  adjusting  for  its  point  of 
arest  vision — punctum  proximum — after  it  has  l)een  at  rest — i.  e,, 
ter  it  has  been  adjusted  to  its  point  of  farthest  vision — ^its  punctum 
motuM. 

(a)  To  Determine  the  Ponctom  Prozimmn  one  has  only  to  recorrl  in 
etres  the  distance  from  the  cornea  to  the  printed  page,  when  the 
bject  can  see  the  lines  perfectly  clearly;  that  is,  without  noticing 
ly  blurring  of  the  letters.  Suppose  this  distance  \ye  10  cm.,  then  one 
•ites  punctum  proximum  =  0.1  metre. 

(6)  To  Determine  the  Ponctom  Remotom  let  the  subject  look  at 
I  object  6  metres  away.  If  he  can  make  out  the  details  of  the 
gect  and  can  read  letters  1  cm.  in  height  and  with  strokes  2  mm. 

width,  one  will  credit  him  with  a  punctum  remotum  of  infinity 
o).  If  the  subject  cannot  see  distant  objects,  bring  the  object  nearer 
itil  he  can  see  its  details  of  structure.    I^t  us  suppose  that  it  must 

•  brought  to  a  distance  of  50  cm.  before  the  subject  can  make  out 
»  details,  then  one  writes  punctum  remotum  =  0.5  metre. 

(c)  To  Determine  the  Range  of  Accommodation.  I^t  R  =  the 
stance  of  punctum  remotum,  then  the  static  refraction,  or  the 
fraction  when  the  eye  is  at  rest,  may  be  represented  by  r,  which  is 
e  reciprocal  of  the  distance.  Ix»t  P  be  the  distance  of  the  punctum 
oximum  and  p  the  maximum  refraction  of  the  eye.  I^t  lx)th  r  and 
be  expressed  in  dioptres.*  I^t  a  be  the  range  of  accommodation 
pressed  in  dioptres.  Then  we  have  the  simple  equation  a  —  p  —  r. 
(«)  In  thk  Normai.  Kyk  (enimetmpia)  the  punctum  remotum  is 
finity,  r  would  therefore  Ix;  0,  p  for  twenty  years  eciuals  10  I). 

Leniet  are  now  almost  univernally  numbered  according  to  the  metric  nyBtcm.  A  lenH  with  a 
al  dkrtanoe  of  1  m.  it  called  a  1  dioptre  lens  or  1  I>.  A  lens  with  TiO  cm.  or  V^  m.  is  called  a  2  D 
a,  and  m  on;  ^k  m.  correHponding  to  'A  I),  V4  ni.  to  4  D, )';,  m.  to  b  /).  >;«  ni.  to  s  D,  >'io  m.  to  10  I), 
I.  to  S  D  or  0.5  D,  4  m.  to  0.25  1),  h  m.  to  U.12.'>  D.  etc*. 


\ 
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Applying  the  formula:  a  =  p  —  r=IOD  —  0D=10D.  Nomul 
range  of  accommodation  for  the  age  of  twenty  is  10  D. 

(,))  In  the  Myopic  Eye  thepunctum  remotummay  not  be  more 
than  0.5  metre  (r  =  2D);  while  the  punctum  proximum  is  probaUy 
not  within  10  cm.  (p  =  10  D).  The  range  of  accommodatioD  would 
therefore  beo  =  p  —  r=  lOD  —  2D  =  8D. 

(t)  In  the  Hypehopic  Eye  the  punctum  remotum  is  "beyond 
infinity,"  or  negative.  We  must  therefore  express  r  as  a  n^atiTe 
quantity.  The  formula  becomes  a  =  p  —  ( —  r)  =  p  +  r.  Suppose 
that  the  punctum  remotum  is  2  D.  and  the  punctum  proximum 
10  D.;  then  a=  p  +  r  =  lOD.  +  2  D.  =  12  D. 

PK.  2tl 
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(After  Laiidolt.) 

(d)  The  Influence  of  Age  upon  the  range  of  accommodation  is 
well  shown  in  the  accompanying  chart  (^ig-  261).  The  avcrajie 
10-year-old  boy  or  girl  has  a  range  of  (a  =  p  —  r)  14  I).  Al 
twenty-five  years  the  range  has  decreased  through  a  recession  of  the 
punctum  proximum  to  (a  =  p  —  r  =  8  —  0)  8  D.  At  forty-five  j-ejR 
it  is  3  D;  at  fifty  years,  2  1);  at  sixty  years,  1  T).  Note  that  thp 
punctum  remotum  begins  to  recede  at  fifty  to  fifty-five  years,  and  al 
sixty  years  p  =  +  0.5  and  r  =  ^0.5;  so  that  a  =  0.5  —  ( — 0.5)  =  1 1*- 

c.  Imperfections  of  the  BefractiTe  Apparatos  of  the  Eye. 

It  will  be  rememl)ercd  that  the  sole  function  of  the  eye  as  a  refrartiif 

a)iparatus  is  tu  focus  rays  from  any  object,  near  or  far,  upon  tlie 
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etina;  that  when  the  accommodative  (focusing)  apparatus  is  at  rest 
lie  image  of  an  object  6  m.  or  more  distant  is  formed  upon  the  retina 
a  the  normal  eye  (/  =--  i).  The  distance  of  the  image  depends,  then, 
pon  the  value  of  /.  But  the  principal  focal  distance  depends  in  turn 
pon  the  radius  of  curvature,  the  index  of  refraction,  and  the  location 
n  the  optical  axis  of  the  elements  of  the  dioptric  system.  In  the 
lature  of  the  case  the  index  of  refraction  cannot  change  perceptibly, 
n  the  principal  imperfections  of  the  refractive  apparatus  of  the  eye 
he  position  of  the  elements  of  the  dioptric  system  upon  the  optical 
.pparatus  is  faulty.  If  the  screen  (retina)  is  too  far  back,  the  rays 
nil  come  to  a  focus  before  reaching  the  retina.  The  subject  will 
ittempt  to  correct  the  diflSculty  by  bringing  the  object  near  to  the 
?ye,  thus  increasing  the  conjugate  focal  distance  until  the  image 
alls  upon  the  retina.  This  bringing  of  the  object  near  to  the  eye 
s  a  sign  of  a  condition  of  the  eye  which  has  in  consequence  been 
railed  "nearsightedness.*'  The  oculists  call  this  condition  myopia, 
ind  correct  it  by  placing  before  the  eyes  concave  or  divergent  lenses, 
vhich  enable  the  subject  to  see  distant  objects. 

The  retina  may  be  too  close  to  the  nodal  point;  that  is,  the  eyeball 
nay  be  flattened  in  the  anteroposterior  diameter.  In  that  case  rays 
)f  light  from  a  distant  object  would  not  be  brought  to  a  focus  by 
he  time  they  reach  the  retina.  The  subject  will  attempt  to  correct 
he  difficulty  by  bringing  into  action  the  accommodative  apparatus 
)f  the  eye,  thus  bringing  the  focus  nearer  to  the  nodal  point  until  it 
•alls  upon  the  retina  and  the  object  is  clearly  seen.  This  condition 
s  called  far-sightedness,  or  hypermetropia.  The  oculists  correct  it 
ly  placing  before  the  eyes  convex  or  convergent  lenses,  which  enable 
he  subject  to  see  distant  objects  without  the  help  of  accommodation. 

The  radius  of  curvature  of  the  cornea  may  be  difficult  in  different 
neridians.  If  the  radius  is  shorter  in  the  horizontal  than  in  the 
/ertical  plane,  the  rays  which  He  in  that  plane  will  be  focused  nearer 
:o  the  nodal  point  than  will  those  which  lie  in  the  vertical  plane, 
[t  must  be  evident  that  the  eye  would,  under  such  conditions,  be 
]uite  unable  to  focus  both  horizontal  and  vertical  lines  at  the  same 
;ime.  Bringing  the  object  nearer  does  not  relieve  the  subject;  using 
;he  accommodation  does  not  help  the  condition.* 

The  most  effective  way  of  relieving  the  condition  without  artificial 
neans  is  for  the  subject  to  bring  the  eyelids  very  close  together, 
eaving  only  a  narrow  horizontal  slit.  In  this  way  all  of  the  rays 
ire  cut  out  except  those  in  one  plane,  and  if  these  do  not  fall  upon 
:he  retina  when  the  eye  is  at  rest  the  subject  may  bring  the  object 
learer  to  the  eye  or  may  use  the  accommodation.  This  condition 
>f  the  eye  is  called,  by  the  oculists,  a^tigmaiism,  and  it  is  correcterl 

1  It  Is  held  by  ■ome  opbthalmologists,  howeTer,  that  a  modified  accommodative  act  may  con- 
ract  the  ciliary  muscles  in  one  plane  more  than  in  another,  and  thus  correct,  or  at  least  partially 
orrect,  the  condition. 
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by  placing  before  the  eyes  convex  or  concave  cylindric  lenses,  which 
increase  the  curvature  of  the  refracting  surface  in  one  plane  only. 
It  is  only  necessary  to  adjust  the  axis  of  the  cylinder  at  such  an 
angle  as  to  increase  the  curvature  in  the  plane  where  it  is  smallest 
(or  decrease  it  through  the  use  of  planoconcave  cylinders  in  the 
plane  where  it  is  greatest)  to  put  the  dioptric  system  into  approx- 
imately perfect  condition. 


2.  VISUAL  ME0HAMI08. 

As  the  telescope  or  the  camera  must  be  provided  with  a  directive 
apparatus,  by  means  of  which  the  direction  of  its  optical  axis  may 
be  changed,  so  the  eye  is  provided  with  an  apparatus  for  changing 
the  direction  of  the  line  of  vision.  In  directing  the  vision  from  one 
point  or  object  to  another  the  axis  of  the  eye  is  turned  upward, 
downward,  outward,  or  inward,  or  is  circumducted.  In  short,  the 
axis  of  the  eye  has  an  absolutely  universal  motion  within  its  limits. 

a.  Monocular  Fixation. 

The  term  monocular  fixation  is  used  to  designate  the  mechan- 
ical adjustment  of  the  eye  to  bring  the  image  of  the  object  upon 
the  macula  lutea,  the  most  sensitive  portion  of  the  retina.    If  one 
study  the  movements  of  one  eye  (the  other  being  shaded)  he  i^ill 
find  that  it  readily  follows  the    movements  of   an   object  held  in 
front  of  it,  however  quickly  or  through  whatever  angles  or  direc- 
tions it  may  be  moved  by  the  observer.    The  directive  apparatus 
of    the   eye   consists  of   the   six  muscles  named  in   the   anatomic 
introduction,  moving  the  eye  about  three  different  axes  of  rotation: 
(i)  a  horizontal  axis  about  which  the  eye  rotates  upward  and  doi^Ti- 
ward;  (ii)  a  vertical  axis  about  which  the  eye  rotates  from  right  to 
left;   and  (in)  a  longitudinal  axis  which  coincides  practically  with 
the  physiologic  axis  or  line  of  vision,  and  about  which  the  eye  rotates 
(slightly)  when  the  oblique  muscles  are  in  action.    These  three  axes 
are  rather  arbitrarily  located.     Inasmuch  as  the  eye  is  a  spherical 
Ixxly  resting  in  a  hollow  spherical  socket,  and  inasmuch  as  it  rotates 
freely  in  any  direction  about  the  intersection  of  the  three  assumed 
axes,  it  is  somewhat  simpler  to  take  a  central  point  of  rotation  about 
which  the  eye  may  rotate  in  any  direction  whatsoever  under  the 
action  of  one  or  more  of  its  six  muscles.    Waller's  excellent  diagram 
(Fig.  202)  given  in  the  accompanying  figure  will  enable  the  student 
to  interpret  the  mechanism  of  the  directive  power  of  the  eye.    Take, 
for  example,  the  movement  of  the  optical  axis  of  the  right  eye  outwanl 
or  away  from  the  median  line  in  the  horizontal  plane.    This  mo\T- 
ment  is  accomplished  by  the  external  rectus  innervated  by  the  sixth 
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lerve.  Again,  take  the  movement  of  the  axis  of  the  eye  upward  in 
he  vertical  plane.  It  is  evident  that  the  superior  rectus  alone  cannot 
iccomplish  this;  but  that  that  muscle  must  act  in  conjunction  with 
he  inferior  oblique.  In  a  similar  manner  movement  vertically  down- 
ward requires  the  combined  action  of  the  inferior  rectus  and  the 
uperior  oblique. 

In  general,  the  contraction  of  a  single  muscle  causes  a  rotation 
►f  the  eye  in  the  direction  indicated  in  the  diagram  for  that  muscle; 
vhile  rotation  in  any  other  direction  than  the  six  which  are  indicated 
)y  the  arrows  requires  the  interaction  of  the  two  muscles,  and  fre- 
|uently  the  co-ordinative  influence  of  two  nerves.  To  circumduct 
he  eye,  sweeping  its  axis  around  a  circle  requires  the  action  of  all 
>f  the  muscles,  acting  two  or  three  at  a  time;  an  action  the  exactness 
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DUgmm  to  illustrate  the  directions  toward  which  the  optical  axis  is  directed  or  inclined  by 
he  oontractlon  of  the  individual  muscles.  M  M'  is  the  median  line;  R,  the  right  eye.  and  L 
h»  left  one.  The  numbers  in  parentheses  (3, 4,  and  6)  indicate  the  innervation  of  the  muscle. 
Alter  Waller.) 

rf  adjustment  and  the  complexity  of  co-ordination  of  which  must 
:*ompeI  the  admiration  of  any  student  of  mechanics. 


h.  Binocular  Fixation. 

This  expression  is  used  to  designate  the  co-ordinated  binocular 
movement  whicrh  results  in  directing  the  physiologic  axes  of  both 
jyes  upon  the  same  object.  If  the  object  fixed  by  lK)th  eyes  be  a 
jmall  one,  its  image  falls  upon  the  fovea  centralis;  if  it  l)e  a  large 
3ne,  it  will  l)e  disposed  alK)ut  that  point  symmetrically,  as  shown  in 
Fig.  263,  the  lower  part  of  the  object  being  focused  upon  the  upper 
^gment  of  the  two  retime,  and  the  right  part  of  the  object  lieing 
^ocused  upon  the  left  part  of  the  two  retina*;  that  is,  upon  the  median 
segment  of  the  right  retina  and  the  external  segment  of  the  left  retina. 

It  is  evident  that  we  have  to  deal  with  a  complex  mechanical 
iction:     (i)   with  double    monocular  fixation,  and    (ii)   with  con- 
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vergence  of  the  visual  axes  of  the  eyes.     If  one  refers  to  Waller's 
diagram  he  can  readily  tabulate  the  muscles  involved  in  directing 
the  two  eye^  in  any  particulir 
^"^f*  direction.    If  in  Fig.  263  the 

object  O  move  toward  the 
ri^t  eye  along  the  visual  am 
O  N  F.  the  Bxation  of  the 
ri^t  eye  will  not  need  to  be 
readjusted.  If,  however,  the 
visual  axis  of  the  left  eve  0 
A"  F*  follow  the  movement  of 
the  object,  it  will  hare  to  de- 
flect to  the  right,  thus  making 
a  greater  angle  (L  F  0  m] 
wiSi  the  median  line  (in  m'j 
than  existed  before.  iTiis  in- 
crease of  the  angle  of  amwr- 
getux  \s  brought  about  by  the 
intemid  rectus.  If  through 
weakness  or  throu^  paral- 
ysis this  muscle  is  unable  to 
rotate  the  eye  far  enough  la 
bring  the  points  O,  A*',  and  f 
into  a  str^ght  line,  then  the 
retinal  image  would  not  fall 
upon  the  field  (o'  b'  c'  (f)  ami 
there  would  be  a  double  \tsus1 
sensation,  "double  Wsion."w 
diplopia.  Failure  for  inj 
other  reason  to  produce  pe> 
feet  binocular  fixation  lead.'' 
■^-  to  the  same  derangement  of 
H«ieft™,i-«.  -^gmemor    ^^^     This  is  the  priiicip*] 

— though  not  especially  tre- 
() II en t^ini perfection  of  the  directive  or  mechanical  apparatas  of  the 
orgjin  of  vision,  and  is  often  corrected  by  oculists  through  the  use 
of  prisnuttie  Icn.ses  which  Ix'nd  the  optical  axis,  bringing  the  image 
u|>on  the  proper  field  of  the  retina. 


Dlai^m  showing  tbe  srnimetrlc  corrapoDdence 
of  the  retinal  fleW.  JV,  nodal  point;  F,  fovea  cen- 
tnlle.  The  obseTvei  is  suppoaed  la  be  looking  down 
upon  tbe  opUcaL  appaiBliu  rrom  alxiTe.  Note  that 
the  Hue  CD,  whlclilB  on  the  lower  side  of  the  object, 
Is  tbe  up[ier  side  or  tbe  Image ;  ami  that  tbe  line 
K  D,  which  is  the  right  Bide  of  the  ob}ect,  Is 
Bide  or  the  image,  whieh  brings  it  at  the  Ini 
nieiitornic  right  retina  and 


B.  VISUAL  SENSATION. 

The  Eye  as  the  Sense  Organ  of  Vision. 

The  retina  is  the  cntl  organ  of  vision;  its  function  is  to  receii'e 
tlio  iinprtssiiiti  of  the  hnage  focused  upon  its  surface  by  the  optical 
appiiralus  and  to  transmit  the  impression  to  the  brain.    About  all 
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lat  can  be  said  is  that  the  lights,  shades,  and  colors  of  the  retinal 
nage  start  in  the  neuroepithelial  cells  metabolic  changes  which  are 
ifluenced  more  or  less  by  the  action  of  the  light  upon  the  pigments 
I  the  associated  tissues.  The  neuroepithelial  cells  are  composed 
f  an  afferent  element  represented  by  the' cones  or  rods  of  the  external 
lyer  of  the  retina;  that  is,  the  scene  of  the  metabolic  changes  referred 
>  above.  The  chemical  changes  start,  along  the  afferent  element 
lendrite)  toward  the  cell  bo<ly,  an  impulse  which  is  transmitted  by 
le  efferent  element  (neurite)  to  the  first  neurone  of  the  cerebral 
lyer  of  the  retina,  thence  by  the  second  neurone  to  the  sensorium 
f  the  brain. 
The  phases  of  visual  sensation  which  seem  most  profitable  to  discuss 
re  retinal  stimulation,  retinal  irritability,  and  visual  sensations. 


1.  RETINAL  STDCULATION. 

a.  The  Stimiili. 

(«)  The  Kinds  of  Stimuu  which  lead  to  visual  sensation  are 
imited  normally  to  (i)  diffuse  light  in  its  various  colors  and  to 
'ii)  images  of  objects.  In  either  case  the  stimulus  is  light,  but 
t  seems  expedient,  in  view  of  what  is  to  follow,  to  differentiate 
Detween  the  light  in  general  and  images  of  objects.  ^Flie  retina, 
n  common  with  all  highly  specialized  tissues,  responds  to  all 
stimuli  with  the  same  general  sensation.  If  one  press  upon  the  side 
>f  the  eyeball,  a  ring  of  light  will  be  seen  upon  the  opposite  segment 
>f  the  retina.  The  retina  is  stimulated  under  the  finger,  but  it  is 
referred  to  the  opposite  side.  When  a  mechanical  shock  to  the 
bead  makes  one  "see  stars,"  these  luminaries  are  real  sensations 
ilue  to  the  mechanical  stimulus.  Electricity  may  also  pnxluce  the 
sensation  of  light. 

light  being  a  mode  of  undulatory  motion,  it  may  vary  in  two 
ways:  (i)  in  the  number  of  vibrations  per  unit  time,  (ii)  in  the 
amplitude  of  the  vibrations.  The  first  variation  is  comparable  to 
the  variation  in  the  pitch  of  sound  and  leads  to  the  color  scale;  the 
second  variation  is  comparable  to  loudness  and  is  recognized  in  the 
intensity  of  the  sensation. 

{fi)  The  Duration  of  the  Stimulus  may  be  very  short.  An 
electric  spark  whose  duration  is  less  than  a  millionth  of  a  second 
is  long  enough  to  produce  a  sensation  (Waller).  The  sensation 
which  a  stimulus  calls  forth  is  of  much  longer  duration  than  the 
stimulus  itself.  '^This  is  made  evident  when  one  looks  at  a  rapidly 
rotating  wheel;  a  spoke  occupies  a  particular  ]X)sition  for  only  an 
infinitesimal  fraction  of  time,  yet  it  calls  forth  a  sensation.  In 
the  position  which  the  spoke  takes  during  the  next  infinitesimal 
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unit  of  time  another  sensation  is  induced;  but  the  sensation  of  the 
previous  stimulus  persists  and  the  two  sensations  blend.  The  result 
of  this  blending  of  the  images  of  the  rotating  spokes  is  to  produce 
the  effect  of  a  solid  wheel.  •  In  a  similar  wav  if  a  lununous  body  be 
attached  to  the  rim  of  the  rotating  wheel  the  sensation  which  it 
produces  will  not  be  a  point  of  light,  but  a  more  or  less  elongated 
line  of  light.  The  faster  the  rotation  of  the  wheel,  the  longer  the  arc 
of  light,  until  finally  the  speed  of  the  rotation  may  be  great  enough 
to  extend  the  line  of  light  around  the  whole  circumference  of  the 
circle  in  a  solid  ring  of  light.  Charpentier  says  that  an  inter\al  of 
4'^  of  a  second  must  elapse  between  two  flashes  of  light  in  order 
that  both  can  be  seen  separately. 

6.  The  Irritability  of  the  Retina. 

1.  Factors  Involved  in  Eetinal  Irritability. — (a)  The  Struc- 
ture OF  THE  Retina  bears  an  important  relation  to  its  irritability. 
The  two  kinds  of  neuroepithelial  cells — the  rods  and  the  cones— are 
not  equally  distributed  over  the  retina.  There  are  no  rods  in  the 
macula  lutea;  this  portion  of  the  retina  possesses  the  cones  only. 
The  macula  lutea  is  especially  sensitive  to  the  fine  lines  of  images 
focused  upon  it — i.  e.,  it  is  the  only  portion  of  the  retina  from  which 
one  may  receive  a  clearly  defined  image.  That  portion  of  the 
retina  outside  of  the  macula  lutea  is  only  faintly  sensitive  to  form, 
but  is  very  sensitive  to  light  and  responds  to  very  slight  modifica- 
tions in  the  intensity  of  the  stimulus. 

(,i)  The  Retinal  Pigments  bear  some  relation  to  the  irritability 
of  the  retina.  Melanin,  or  fuchsin,  is  the  brownish-black  pigment 
which  makes  up  the  pigment  layer  of  the  retina.  This  pigment 
seems  to  form  a  stock  from  which  other  pigments  may  l)e  replenished. 
RJiodopsiiiy  or  **  visual  purple,*'  is  found  in  the  rods,  and  is,  therefore, 
al)sent  from  the  macula  lutea.  Chramophanes  are  red,  green,  and 
yellow  oil  globules  found  in  the  cones.  The  chromophanes  are  not 
found  in  the  eves  of  mammals. 

(y)  Varying  Irritability  of  Different  Areas  of  the  retina 
is  probably  due  to  varjing  distribution  of  the  rods,  cones,  and  pigments. 
The  following  facts  are  important  in  this  connection :  (i)  The  macula 
lutea  is  the  area  of  clearest  definition  of  form;  it  is,  in  fact,  the  only 
ayvii  sensitive  to  the  fine  structural  details  of  an  image.  (11)  The 
macula  lutea  possesses  cones,  but  no  rods,  and  in  its  most  sensitive 
ari»a — the  fovea  centralis — the  cones  are  brought  into  special  prom- 
inence by  the  thinning  out  of  all  the  other  elements,  (iii)  The  portion 
of  the  retina  most  sensitive  to  variations  of  the  intensity  of  diffused 
lit^ht  is  that  {>ortion  outside  of  the  macula,  (iv)  The  portion  of  the 
rt^tina  outside  of  the  macula  is  richlv  studded  with  rods,  and  each  hkI 
j)ossesses  its  supply  of  rhodopsin.  (v)  A  solution  of  rhodopsin  bleaches 
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n  the  light.  The  retinal  image  may  be  actually  "  fixed'*  by  treating, 
vith  4  per  cent,  solution  of  potassium  alum,  the  retina  which  has 
ust  been  removed  immedialely  after  thorough  exposure  following 
est  in  the  darkness.    The  "fixed"  image  is  called  an  optogram. 

These  facts  seem  to  justify  the  conclusion  that  the  cones  are  the 
imctures  which  receive  form  pictures  and  the  pigmented  rods  are  the 
irtictures  which  receive  light  and  color  impressions, 

2.  Direct  and  Indirect  Vision. — ^These  tenns  designate  respectively 
he  central  field  of  clear  definition  and  the  surrounding  field  of 
ndistinct  definition.  One  may  get  a  very  good  idea  of  the  difference 
)etween  direct  and  indirect  vision  by  holding  before  one  eye  (the 
)ther  being  shaded)  at  a  distance  of  30  cm.  a  printed  page. 

(a)  Direct  Vision. — Direct  the  line  of  vision  at  a  small  word; 
he  surrounding  words  will  be  recognized  for  a  distance  of  perhaps 
I  cm.  in  any  direction,  but  by  studying  the  sensation  very  carefully, 
ceeping  one  particular  letter  constantly  fixed  in  the  line  of  vision, 
hat  one  letter  is  the  only  letter  upon  the  page  that  is  absolutely 
•learly  defined.  The  image  of  that  letter  lies  upon  the  centre  of  the 
■ovea  centralis;  the  two  adjacent  letters  lie  upon  the  slanting  sides 
)f  the  fovea;  their  definition  is  only  slightly  less  distinct  than  that 
)f  the  central  letter.  The  form  of  the  next  adjacent  words  can  be 
nade  out  with  sufficient  clearness  to  enable  the  observer  to  say 
lefinitely  what  the  words  are,  but  he  would  be  quite  unable  to  detect 
iny  slight  typographic  imperfections  in  the  words.  The  field  of 
lirect  vision  may  be  taken  to  be  that  which  is  focused  upon  the 
nacula  lutea,  which  is  1.25  mm.  in  diameter,  subtending  about  5 
legrees  of  angle  at  the  nodal  point. 

09)  Indirect  Monocular  Vision. — ^The  field  of  indirect  vision 
ncludes  all  of  the  visual  field  outside  of  that  of  direct  vision.  The 
igure  on  next  page  (Fig.  264)  shows  the  field  of  indirect  vision  for 
ivhite  light  bounded  by  the  shaded  portions  of  the  figure.  Note  in 
:he  centre  the  5°  circle  of  direct  vision,  within  which  the  form  and 
jtructural  features  of  objects  are  clearly  defined.  Note  the  blind 
5pot  (B)  at  the  right  of  the  macula  in  the  figure,  and  showing  that  the 
>ptic  nerve  enters  the  eye  to  the  median  side  of  the  fovea,  located  fn>m 
12.5°  to  17.5°  from  the  centre  and  a  little  alx)ve  the  horizontal  line 
from  the  fovea.  Note  that  the  lx)undary  of  the  field  for  the  indirect 
^sion  of  the  white  light  crosses  the  upper  vertical  meridian  at  55°, 
;he  median  meridian  at  60°,  the  lower  vertical  meridian  at  70°,  and 
:he  external  meridian  bevond  90°.  The  determination  of  the  line 
mounding  the  field  of  vision  is  called  perimetry;  the  record  and  the 
nstrument  used  in  getting  it,  a  perimeter.  The  field  for  yellow  light 
s  within  that  for  white,  the  field  for  blue  light  is  within  that  for 
yellow,  the  field  for  red  light  still  farther  withdrawn  from  the  pi*r- 
phery,  and  the  field  for  grt*en  very  much  smaller  than  that  for  red. 
Perimetry  has  considerable  clinical  importance  because  in  certain 
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pathologic  conditions  the  perimeters  are  considerably  modi£ed,  either 
by  being  generally  contracted  or  by  being  dotted  with  islands  of  total 
or  partial  blindness. 

(r)  Indirect  Binocular  Vision, — To  determine  just  what  the 
field  of  indirect  binocular  vision  is,  one  has  only  to  find  the  overi&ppiag 
areas  of  indirect  monocular  vision  when  both  eyes  are  directed  to 
the  same  point.  The  accompanying  figure  (Fig.  264)  is  for  the  ri^t 
eye.  If  one  trace  upon  the  same  chart  the  field  sensitive  to  wUte 
light  in  the  left  eye,  the  open  external  end  of  the  field  will  exteiKi  oft 
to  the  left  and  the  circtilar  median  end  to  the  right,  reaching  the 
60°  circle.    The  right  and  left  perimeters  will  thus  overlap  id  an 

Fib.  3H 


■■erimvler  chut  witl 


iilinost  cinular  an^a  t)oiin(led  right  and  left  by  the  6(1°  circle,  abiw 
by  (lie  .">.')°  circle,  aiwl  Ix'low  by  the  70°  circle.  'I'hc  field  thus  boumW 
is  that  for  binocular  indirect  vision  for  white  light. 


2.  VISUAL  SENSATIONS. 

a.  Fondameiital  Sensations. 

Tlic  sensation.s  which  light  induces  in  the  sensorium  may  not 
Im-  m  easily  differentiated  a.s  an.:  tho.se  of  sound,  but  they  are  closeiv 
analogous  to  sound.    In  sound  we  differentiate  pitch,  loudness,  and 
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quality,  dependent  respectively  upon  number  of  vibrations  per  unit 
>f  time,  upon  the  amplitude  of  the  vibrations,  and  upon  combina- 
ions  of  overtones;  in  light  we  differentiate  color,  intensity,  and  form, 
lependent  respectively  upon  number  of  vibrations  per  unit  time,  upon 
he  amplitude  of  the  vibrations,  and  upon  combinations  of  intensities 
lights  and  shadows). 

1.  Form. — ^The  sensation  of  detail  in  structure  is  clearest  at  the 
bvea  centralis  and  decreases  progressively  in  every  direction  from  that 
x>int  in  the  retina.  That  this  specialization  of  form  sensation  is  in 
ome  way  connected  with  the  fact  that,  of  the  rods  and  cones,  cones 
>nly  are  present  in  the  macula,  and  these  are  brought  into  special 
>rominence  in  the  fovea,  has  been  suggested  (p.  620);  but  the  color 
tensation  is  also  induced  by  stimulation  of  the  fovea,  though  Kiihne 
ind  others  show  that  differentiation  of  color  is  less  acute  at  the  fovea 
;han  in  the  area  outside  of  it. 

2.  Intensity. — Intensity  depends  upon  the  amplitude  of  the  vibra- 
Jon  of  the  medium  which  last  transmits  the  light  to  the  eye.  As  in 
:he  case  of  intensity  of  sound,  this  may  depend  upon  the  amplitude 
y(  vibration  of  the  sonorous  or  the  luminiferous  body,  or  upon  the 
summation  of  the  effects  of  several  vibrating  bodies.  The  sound  pro- 
duced by  two  sonorous  bodies  of  the  same  pitch  and  amplitude  will 
be  more  intense  because  of  the  summation  of  the  undulations;  in  the 
same  way  the  light  produced  by  two  candles  will  be  more  intense 
than  that  produced  by  one. 

The  sensation  induced  by  lights  of  varying  intensity  is  not  com- 
mensurate with  the  intensity,  but  obeys  Weber's  law  of  sensation: 
"The  smallest  change  in  the  magnitude  of  a  stimulus  which  one  can 
Appreciate  through  a  change  in  one's  sensation  always  bears  the 
^me  proportion  to  the  whole  magnitude  of  the  stimulus."  (As 
Formulated  by  Foster.)  Applied  to  vision,  the  proportion  is  1  to  100; 
that  is,  0.1  candle  power  added  to  or  subtracted  from  a  10-candle- 
power  light,  1  candle  added  to  or  subtracted  from  a  100-candle-power 
light,  and  10  candles  in  a  1000-candle-power  light  can  be  detected, 
and  so  on. 

3.  Oolor. — Color  depends  upon  the  number  of  vibrations  of  a 
luminous  body,  as  pitch  depends  upon  the  number  of  vibrations  of 
El  sonorous  body.  The  white  light  that  comes  from  the  sun  may  l)c 
readily  decomposed  into  a  number  of  principal  colors  and  an  innumer- 
able number  of  intermediate  mixtures.  The  principal  colors  have 
the  following  rate  of  vibration:  red,  392  trillions  of  vibrations  per 
second;  orange,  532  trillions;  yellow,  563  trillions;  green,  607  trillions; 
blue,  653  trillions;  indigo,  676  trillions;  violet,  757  trillions.  These 
vibrations  range  in  wave  lengths  from  766  millionths  of  a  millimetre 
to  about  half  of  that  length.  The  colors  named  above  are  the  principal 
>r  the  clearly  pronounced  colors  of  the  spectnun.  From  three  of 
Jiese  all  other  colors  may  be  produced;  these  three  are  the  funda*- 
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mental  or  primary  colors:  red,  green,  violet.  The  accompanying 
figure  (Fig.  265)  shows  graphicaiiy  the  relation  which  these  colors 
bear  to  each  other.  Not  only  does  a  combination  of  all  of  the  colors 
produce  white,  but  a  combination  of  certain  of  the  colors  in  pairs 
produces  white;  these  pairs  are  called  complementary  colors:  (i) 
red  and  greenish-blue;  (ii)  yellow  and  indigo;  (ill)  orange  and  cyan 
blue;  (iv)  violet  and  greenish-yellow. 

How  the  different  colors  can  stimulate  the  retina  has  been  the 
subject  of  considerable  controversy. 

(a)  The  Yonng-Helmholts  Theory  assumes  that  there  are  in  the 
retina  three  different  kinds  of  sensory  elements  which  respond  to 
the  three  different  primary  colors — red,  green,  and  violet — and  that 
*' every  color  of  the  spectrum  excites  all  of  the  elements,  some  of  them 
feebly,  others  strongly.''  (Landois.)  The  perception  of  color  is  then 
a  resultant  of  the  combined  sensations  brought  to  the  sensorium  by 
the  three  sets  of  elements. 
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(b)  The  Bering  Theory  is  based  upon  the  principles  of  met- 
abolism and  upon  the  color  law  of  Grassman:  **If  two  simple  but 
non-complementary  spectral  colors  be  mixed  with  each  other,  they 
give  rise  to  tlie  color  sensation  which  may  be  represented  by  a  color 
lying  in  tlie  spectrum  l)etween  lx)th  and  mixed  with  a  certain  quantity 
of  wliite'' — /.  e,y  every  color  sensation  except  those  of  the  primary 
colors  may  Ix*  produced  by  a  color  of  the  spectrum  plus  white.  Hering 
assumes  (i)  that  light  produces  metabolism  in  the  retina;  (ii)  that 
the  metabolic  processes  are  in  part  anabolic  and  in  part  katabolie; 
(III)  that  white,  red,  and  yellow  sensations  are  katabolie — /.f., 
accompanied  by  disintegration  and  fatigue;  and  that  black,  green, 
and  blue  sensations  are  anabolic — i.  e,,  accompanied  by  integration 
and  rest;  (iv)  these  metabolic  processes  are  assumed  to  he  paire<l— 
/.  r.,  white  and  black  sensations  affect  the  same  visual  substance  in 
opposite  directions,  hmI  and  grt»en  stimulate  another  visual  substance, 
und  yellow  and  blue  stimulate  a  third.     Now,  according  to  Grasir 
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man's  law  of  color  sensation,  any  color  sensation,  except  that  of  a 
primary  color,  may  be  produced  by  a  color  of  the  spectrum  plus 
nrhite.  Hering  assumes  that  white  visual  substance  is  katabolized 
[lot  only  when  one  sees  white,  but  incidentally  in  all  color  sensations 
except  primary  ones. 

(c)  The  Franklin  Theory  is  not  antagonistic  to  either  of  the  fore- 
^ing,  but  rather  supplementary.  It  is  based  upon  the  facts  of 
comparative  physiology,  and  assumes  that  the  rudimentary  eye 
distinguishes  between  light  and  dark  only,  and  possesses  neither  form 
nor  color  senses;  so  that  the  fundamental  point  of  departure  is  a 
sensation  of  simple  light  or  dark  (Hering's  white  and  black  sensation) 
produced  by  stimulation  of  a  fundamental  **  visual  gray,^^  which 
causes  an  accentuation  of  either  the  white  or  the  black  in  it  (pre- 
sumably by  modifications  in  the  metalx)lism  set  up).  This  theory 
assumes  that  the  yellow-blue  substance  was  next  developed  and  the 
red-green  last. 

The  adherents  of  either  the  Young-Helmholtz  or  the  Hering 
theory,  especially  the  latter,  may  well  accept  the  Franklin  theory 
as  supplementary,  as  it  accounts  easily  for  the  fact  that  red-green 
color-blindness  is  most  common,  and  yellow-blue  blindness  rather 
rare,  while  inability  to  see  black  and  white  is  only  found  in  cases 
of  congenital  total  blindness.  Furthermore,  reference  to  the  perim- 
eter chart  shows  that  white-black  covers  the  largest  area  of  the 
retina,  yellow-blue  an  area  within  that  which  red-green  is  smallest 
and  quite  near  the  centre. 

h.  Secondary  Sensations. 

1.  After-images. — If  one  fix  the  gaze  upon  a  brightly  illuminated 
figure  or  pattern  for  fifteen  seconds  and  then  direct  it  towanl  a 
plain  surface,  the  image  of  the  pattern  gazed  at  will  l)e  seen  upon 
the  plain  background  of  the  second  field  of  vision.  If  the  after- 
image has  the  same  colors  as  the  first,  it  is  called  a  positive  after- 
image.  Positive  after-images  are  usually  caused  by  strong  stimuli 
of  short  duration  rather  than  by  moderate  stimuli  of  long  duration. 
If  the  after-image  is  in  the  complementary  color  of  the  original 
pattern,  it  is  called  a  negaiive  after-image.  If  one  gaze  intently  at 
a  green  pattern,  then  tuni  to  a  red  field,  the  pattern  ap|x»ars  deep 
red  upon  the  red  field.  It  will  also  appear  red  upon  a  neutral  field. 
Negative  after-images  are  a  sign  of  retinal  fatigue. 

2.  Oontrast. — Contrast  is  the  accentuation  of  a  color  sensation 
through  contiguity  or  succession  of  another  color,  especially  a  comple- 
mentary color.  A  piece  of  note-pajXT  may  look  white  upon  a  hisLck 
background,  but  if  it  is  put  u[x>n  a  rt»ally  white  background  it  will 
be  seen  to  be  far  from  white.  In  a  similar  manner  blue  or  yellow 
accentuate  each  other  as  do  red  and  green.    Various  other  combj-i 
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nations  have  this  recipnx»l  effect.  If  the  effect  is  produced  by 
looking  at  the  two  contrasting  colors  at  the  same  time,  the  sensation 
is  called  simuUaneovs  contrast:  if  by  looking  at  the  contrasting  colors 
one  after  another,  it  is  called  svecessive  contrast. 

c.  Oolor-blindness. 

Of  the  male  population  4  per  cent,  or  5  per  cent,  and  of  the 
female  population  about  1  per  cent,  are  unable  to  differentiate 
certain  colors.    Such  persons  are  called  "color-blind." 

1.  Oomplete  Oolor-blindness.  Achromatopsy. — Individuals  thus 

afflicted  can  distinguish  lights  and  shades,  but  have  no  color  sense 
whatever.  According  to  the  Hering  theory  they  lack  both  the  red- 
green  and  the  yellow-blue  visual  substance;  according  to  the  Franklin 
theory  they  represent  cases  of  arrested  development  of  color  sense 
in  a  condition  representing  a  very  primitive  condition  when  only  the 
fundamental  color  substance  is  present. 

2.  Tellow-blue  Blindness. — In  this  condition  the  blue  end  of  the 
spectrum  is  absolutely  dark  and  the  yellow  may  be  more  or  less 
iUuminaiedy  but  void  of  color.  This  represents  also  an  arrest  of 
development;  but  this  arrest  occurs  after  considerable  progress  has 
been  made. 

3.  Bed-green  Blindness  is  by  far  the  most  common  form  of  colo^ 
blindness.  This  is  assumed  by  the  Franklin  theory  to  represent  the 
last  step  in  the  development  of  the  color  sense,  and,  therefore,  the 

first  to  fail  in  ease  of  an  arrest  of  development. 

4.  Acquired  Oolor-blindness  may  result  from  disease  of  the  n*tina. 

5.  Normal  Oolor-blindness  exists  in  the  periphery'  of  the  retina. 

Passing  from  without  inward  the  outermost  sensation  is  that  of  white 
(and  black);  the  next  that  of  yellow  and  blue,  followed  by  red  and 
green.     (See  Perimetry.) 


3.  VISUAL  PEB0EPTI0N8  AND  JUDGMENTS. 

One  may  have  a  sensation  of  black  lines  upon  a  white  surface 
without  perceiving  in  the  lines  a  letter  or  word.  The  retinocerebral 
apparatus  brings  to  the  sensorium  of  the  untutored  savage  the  same 
sensations  as  it  does  to  the  sensorium  of  the  scholar.  The  savage 
**  senses"  a  written  word  upon  a  page,  but  does  not  perceive  it;  on 
the  other  hand,  the  scholar  may  "sense"  the  twigs  upon  the  forest 
path  without  pereei\ing  in  their  position  and  condition  the  track  of 
an  animal.  Simple  sensation  involves  nothing  higher  than  the 
sensorium.  There  is  no  reason  to  believe  that  the  sensorium  brings 
to  the  c*onsciousness  of  different  individuals  different  sensations. 
Pen.*eption  involves  cerebration  in  the  interpretation  of  sensations. 
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Perception  involves  previous  knowledge  or  memory  of  the  same  or 
elated  sensations.  Effectual  perception,  like  effectual  marksmanship, 
lepends  upon  the  man  behind  the  instrument. 

Visnal  perception  is  the  seeing  ivith  understanding.  Visval  jvdg^ 
lenis  are  based  upon  visual  perceptions  and  represent  conclusions 
cached  after  comparison  of  previous  perceptions. 

a.  Acnteness  of  Vision. 

It  is  frequently  necessary  to  test  the  acuteness  of  vision  through 
,  comparison  of  visual  perceptions.  An  individual  whose  acuteness 
f  vision  is  in  question  presents  himself  to  the  ophthalmologist  for 
xamination.  If  the  subject  is  schooled  in  interpreting  dim  and 
iistorted  images  he  may  mislead  the  observer  for  a  few  moments 
nth  his  acute  perception,  but  the  faulty  sensation  must,  sooner  or 
Biter,  reveal  itself.  The  observer  will  present  to  the  subject  a 
eries  of  letters  in  unusual  combinations,  so  that  there  will  be  no 
iray  in  which  he  can  get  a  clue  for  his  judgment  to  work  upon. 

To  be  more  concrete:  The  acuteness  of  vision  is  tested  by  reading 
etters  of  various  heights  at  various  distances.  The  normal  eye 
emmetropic  eye)  should  see  clearly  at  6  m. — ^the  oculist's  infinity — 
etters  which  subtend  an  angle  of  5' — i.e.,  letters  1}  cm.  in  height. 
\t  12  m.  the  normal  eye  should  distinguish  and  name  letters 
vhich  are  2 J  cm.  in  height.  These  letters  subtend  an  angle  of  5' — 
he  minimum  angle  of  clear  vision.    If  the  individual  can  see  at  6  m. 

)nly  what  he  should  see  at  12  m.,  he  is  credited  with  Vision  =  -- . 

[f  he  can  see  at  6  m.  what  he  should  see  at  30  m.,  he  is  credited  with 

.  .  6 

Vision  =  -  - .    If  by  cultivation  the  visual  power  has  been  brought 

ip  above  the  average,  so  that  he  can  see  at  6  m.  what  the  average 
?ye  must  bring  to  3  m.  to  see,  he  will  be  credited  with  Vision  =  - . 

The  acuteness  of  vision  varies  much  with  the  habits  and  employ- 
nent  of  the  individual.  Persons  employed  at  fine,  close  work  acquire 
I  microscopic  vision — ?.  e.,  ability  to  see  and  interpret  the  minutest 
letail  of  structure.  Watchmakers  and  jewellers  acquire  this  ability. 
Persons  employed  in  vocations  which  require  long-distance  vision 
icquire  telescopic  eyes — i.  e.,  ability  to  see  and  interpret  structure 
>f  distant  objects.  Sailors  and  rangemen  possess  this  ability  to  a 
narked  degree. 

b.  Visual  Estimates. 

1.  Estimate  of  Distance. — ^This  judgment  is  based  upon  a 
ombination  of  at  least  two  sensations  or  pert»eptions :  fi)  sensation 
f  the  accommodation  required  to  focus  the  image  of  the  object 


628  SPECIAL  PHYSIOLOGY 

upon  the  retina;  (ii)  the  sensation  of  the  convei^nce  required 
to  direct  the  two  visual  lines  at  the  same  object  in  the  binocular 
vision.  These  sensations  are  examples  of  muscular  sense.  One 
estimates  these  muscular  efforts  instinctively.  Upon  these  in- 
stinctive estimates  one  bases  his  judgment  of  the  distance  of  an 
object.  But  other  considerations  may  enter  in  to  assist  in  the  estimate 
of  distance.  For  example,  a  movement  of  the  head  or  body  causes  a 
displacement  of  nearer  objects  in  the  background  formed  by  more 
distinct  objects;  one  learns  by  experience  how  much  this  displace- 
ment should  be  for  given  distances  and  bases  his  judgment  accord- 
ingly. The  known  size  of  an  object  is  an  important  factor  in  the 
estimate  of  its  distance.  In  this  estimate  one  instinctively  measures 
the  image  and  compares  it  with  the  image  of  the  same  object  at  a 
short  distance. 

2.  Estimate  of  Size — ^This  judgment  is  based  upon  two  per 
ceptions:  (i)  the  size  of  the  image,  and  (ii)  the  distance  of  the  object. 
Various  other  considerations  may  enter  in  to  modify  the  judgment. 

The  subject  of  visual  illusions  belongs  more  properly  to  psychologr 
than  to  physiology,  and  will,  therefore,  not  be  discussed  here. 


CHAPTER  XI. 

THE  PHYSIOLOGY  OF  THE  NERVOUS  SYSTEM. 

.  THE  NEURONE:  STRUCTURAL  AND  FUNCTIONAL  UNIT  OF  THE 

NERVOUS  SYSTEM. 

THE  STRUCTURE  OF  THE  NEURONE. 

a.  General  Description. 

(1)  The  Neuronal  Cell  Body. 

(2)  The  Dendrites. 

(3)  The  Axone. 

(4)  The  Collaterals. 
h.  Origin  of  Neurones. 

c.  Types  op  Neurones. 

d.  Interrelation  of  Neurones. 

e.  The  Neuronal  Theory. 

.  THE  PHYSIOLOGY  OF  THE  NEURONE. 

(I.  The  Effect  of  Mutilation  upon  the  Neurone. 

(1)  Wallerian  Degeneration. 

(2)  Retrograde  Degeneration. 

(3)  Injury  to  Cell  Body. 

(4)  The  Conclusion. 

b.  The  Activity  of  the  Neurone.        , 

c.  The  Effect  of  Activity  upon  the  Neurone. 
</.  Function  of  the  Dendrites. 

e.  Function  of  the  Axone. 

(1)  Transmission  of  Impulses. 

(a)  Direction  of  Conduction  of  Impulses. 

(6)  Transference  of  an  Impulse  from  One  Xeurone  to  Another. 

(2)  Law  of  Multiplication  of  Effect. 

(3)  Doctrine  of  Specific  Energy  of  Nerves. 

{a)  The  End  Organ  Theory, 

(6)  The  Central  Theory. 
/.  The  Inhibitory  Power  of  Neurones. 
g.  The  Trophic  Influence  of  Neurones  upon  Tissues. 
h.  Postnatal  Neuronic  Development. 

B.  THE  PHYSIOLOCJY  OF  THE  SPINAL  (X)KD. 

.  THE  SPINAL  CH)KD  AS  A  (X)NDU(T()R  OF  NEKVOI'S  IMPULSES 
a.  The  (,'ourse  of  Sensory  Lmpui^es. 

(1)  The  CouitsE  Taken  by  Impuij^es  of  Tempkhatuke  and  Pain. 
(a)  Through  the  (iray  Matter, 
{h)  Through  the  Lateral  Limiting  Layer. 
(r)   Through  the  Anterior  Commissure. 
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(2)  The  Coubse  Taken  bt  Tactile  Impulses. 

(3)  The  Course  Taken  bt  Muscular  Impulses. 

(a)  Through  Cerdtral  Pathtoay, 

(b)  Through  Cerd)eaar  Pathway. 

6.  The  Course  of  the  Motor  Impulses. 

(1)  The  Course  Taken  by  Voluntary  Impulses  prom  the  CERKBRa 

Cortex 

(2)  The  Qourse  Taken  by  Co-ordinatino  Impulses  prom  the  Cere- 

bellum. 

2.  THE  SPINAL  CORD  AS  A  REFLEX  CENTRE. 

a.  Reflex  Action. 

(1)  General  Considerations. 

(2)  Purposeful  Character  op  Reflex  Action. 

(3)  Mechanical  Character  op  Reflex  Action. 

(4)  Summation  of  Stimuli. 

(5)  The  Time  Required  for  Reflex  Actions. 

(6)  The  Inhibition  of  Reflexes. 

(a)  VolurUary  Inhibition. 

(6)  Beyond  VolurUary  Inhibition. 

(c)  Uncon8ciou8  Certbral  Inhibilion. 

(7)  Types  of  Reflexes. 

b.  The  Reflexes. 

(1)  Superficial  Reflexes. 
Pathologic  Cutaneous. 

(2)  Deep  Reflexes. 

Pathologic  Reflexes. 
(a)  Ankle  Clonus. 
(6)  Patellar  Reflex. 

(3)  OuGANic  Reflexes. 

/.  Reflexes  of  the  Alimentary  Tract. 
Pathologic  Reflexes. 

//.  Reflexes  of  the  Genitourinary  Tract. 

III.  The  Pupillary  Reflex. 

(a)  Light  Reflex. 
(6)  Accommodation  Reflex. 
(c)  Sympathetic  Pain  Reflex. 
Pathologic  Reflex. 

(a)  Argyll-Robertson  Reflex. 

IV.  The  Circulatory  Reflex. 

V.  The  Respiratory  Reflex. 

c.  The  LorATioN  of  Keflex  Centres. 

3.  THE  SPINAL  CORD  AS  A  TROPHIC  CENTRE. 
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THE  PHYSIOLOGY  OF  THE  MEDULLA  OBLONGATA  AND  PONS 

VAROLII. 

THE  MEDULLA  AND  PONS  AS  A  CONDUCTING  MEDIUM. 
a.  The  Efferent  Pathways: 

(1)  The  Pyramidal  Tract. 

(2)  The  Cerebro-pontine-cerebellar  Tract. 

(3)  The  Fasciculus  Lonoitudinalis  Posterior. 
6.  The  Afferent  Pathways: 

(1)  The  Mesial  Fillet. 

(2)  The  Lateral  Fillet. 
c.  Association  Pathways. 

THE  MEDULLA  AND  PONS  AS  AN  INDEPENDENT  CENTRE. 
a.  General  Considerations. 
6.  The  Lower  Speech  Centre. 

c.  The  Cardiac  Inhibitory  Centre. 

d.  The  Vasomotor  Centre. 

e.  The  Vomiting  Centre. 

/.  The  Respiratory  Centre. 

g.  The  Taste  Centre. 

h.  The  Medulla  as  a  Co-ordinatino  Centre  for  Vital  Reflexes. 

.   CO-ORDINATION  AND  EQUILIBRATION;  THE  PHYSIOLOGY  OF 
THE  CEREBELLUM  OR  METENCEPHALON. 

CX)-ORDIN ATION :  ADJUSTMENT  OF  MUSCULAR  ACTION. 
EQUILIBRATION:  CO-ORDINATION  OF  MOVEMENTS  MAINTAIN- 
ING EQUILIBRIUM. 
a.  Relation  between  Cerebellar  Development  and  Equilibratory 

Power. 
h.  Maintenance  of  Equilibrium. 
r.  Pathologic  Physiology  of  Equilibration. 

(1)  The  Afferent  Apparatus. 

(2)  The  Co-ordinating  Centre. 

(3)  The  Efferent  Apparatus. 
a.  Astasia. 

h.  Atonia. 
c.  Asthenia. 

E.  THE  PHYSIOLOGY  OF  THE  MF.SEN(^EPHAL()N. 

a.  Normal  Physiology. 

(1)  The  Posterior  Quadrigkminal  Bodies. 

(2)  The  Anterior  Quadrigeminal  Bodies. 

(3)  The  Cerebello-Cerebral  Pathway. 

(4)  The  Third  and  Fourth  Cranial  Nerve  Nuclei. 

(5)  The  Pes  Pedunculi. 

6.  Pathologic  Physiology.    Weber's  Syndrome. 
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F.  THE  PHYSIOLOGY  OF  THE  INTERBRAIN  OR  THALAMEXCEPH- 

ALON. 

1.  AS  A  RELAY  STATION. 

2.  AS  A  SENSORY  CENTRE. 

3.  AS  A  CENTRE  FOR  INSTRUCTIVE  OR  EMOTIONAL  EXPRESSION. 

G.  THE  PHYSIOLOGY  OF  THE  CEREBRUM  OR  PROSEN(T.PHAI/»N 

1.  THE  MOVEMENTS  OF  THE  BRAIN. 

2.  THE  FUNCTION  OF  THE  CORTEX. 

a.  General  Considerations. 

b.  Localization  of  Functions  in  the  Cortex. 

(1)  Motor  Centres. 

(2)  Sensory  Centres. 

3.  PATHOLOGIC  PHYSIOLOGY  OF  THE  CEREBRAL  CX)RTEX. 

Aphasia. 

4.  THE  FUNCTION  OF  THE  CORPUS  CALLOSUM. 

5.  THE  FUNCTION  OF  THE  CORPUS  STRIATUM. 

6.  THE  FUNCTION  OF  THE  INTERNAL  CAPSULE. 

7.  HIGHER  C^EREBRAL  FUNCTIONS. 


THE  PHYSIOLOGY  OP  THE  NERVOUS  SYSTEM/ 

A.  THE  NEURONE:  STRUCTURAL  AND  FX7N0TI0NAL  UIRT 

OF  THE  NERVOUS  STSTEM. 

L  THE  STRUCTURE  OF  THE  NEURONE. 

In  the  study  of  the  physiology  of  the  nervous  system,  a  definite 
comprehension  of  the  neurone  is  the  first  requisite.  '^Fhe  older  con- 
ception of  the  nervous  system  as  functioning  according  to  its  large 
anatomic  divisions  has  gradually  given  place  to  that  which  recognizes 
the  nerve  cell  and  its  processes  as  the  unit  of  nerve  function.  This 
unit  is  the  neurone. 

a.  General  Description. 

The  term  Neurone  signifies  a  nerve  cell  with  all  of  its  processes. 

Waldeyer  first  used  the  term  in   1801.^     Neurones,  constituting  bs 

\    they  do   single  body  cells,  like  liver  cells  or  muscle  cells,  possess 

certain   general   cell   characteristics,   such    as   protoplasm,   limiting 

^  For  a  general  introduction  the  student  is  referred  to  the  chapter  on  General  Phjrslology,  p.  96 
et  seq.  It  is  assumed  tliat  a  study  of  the  gross  anatomy  of  the  nervous  system  has  been  made, 
and,  therefore,  to  the  largest  extent  possible  it  will  be  sought  to  avoid  entering  that  tield  here. 

2  Deutsche  medicinische  Wochenschrift,  1891. 
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membrane,  nucleus,  and  nucleolus.  Indeed,  within  the  last  few 
years  there  have  been  found  in  many  of  the  adult  nerve  cells  formerly 
supposed  to  be  incapable  of  indirect  cellular  division  a  centrosome 
and  an  attraction  sphere,  thus  bringing  them  nearer  the  type  cell. 
The  distinguishing  feature  of  the  nerve  cell,  however,  is  its  possession 
of  a  large  number  of  fibrous  prolongations  from  the  cell  body,  these 
processes  frequently  constituting  a  maze  of  feltwork  almost  impossible 
to  unravel.  One  of  these  processes,  more  distinct  than  the  others, 
seldom  branches  and  preserves  a  fairly  uniform  calibre  and  appear- 
ance; this  is  the  axone.  If  it  has  branches  they  are  usually  single 
ones  and  are  called  collaterals.  The  remaining  processes  of  the  cells, 
\  distinctly  protoplasmic  outgrowths,  branch  dichotomously  much  as 
do  the  branches  of  trees;  for  them  His  proposed  the  term  dendrites, 
ySL  name  which  has  received  universal  recognition. 

1.  The  Neuronal  Cell  Body.— The  cell  body  is  of  varying  sizes 
and  shapes  in  different  portions  of  the  nervous  system.  In  the 
ganglia  of  the  posterior  spinal  roots  unipolar  cells  are  found;  in  the 
cortex  of  the  brain  there  are  bipolar  cells,  and  in  various  parts  of  the 
nervous  system  multipolar  cells,  as  in  the  motor  centres  of  the  cerebral 
cortex  and  in  the  ventral  horns  of  the  spinal  cord.  The  cell  bodies 
vary  in  size  from  four  to  one  hundred  and  thirty-five  or  more  micro- 
millimetres  in  diameter.  Among  the  very  large  cells  are  the  motor 
cells  of  the  ventral  horn  and  the  cells  of  Clarke's  vesicular  column 
in  the  spinal  cord,  Purkinje's  cells  in  the  cerebellum,  and  the  large 
pyramidal  cells  of  the  cerebral  cortex.  Among  the  smaller  cells  are 
those  of  Waldeyer's  central  cell  column  and  those  of  the  substantia 
gelatinosa  Rolandi  in  the  spinal  cord,  the  granular  cells  of  the  cortex 
of  the  cerebellum  and  cerebrum,  and  the  cells  of  the  bulhus  olfac- 
torius.  Some  of  the  cells  may  be  so  large  as  to  be  seen  with  the  naked 
eye,  particularly  the  cells  of  Purkinje. 

Not  all  nerve  cells  possess  a  limiting  membrane  or  capsule.  Such 
a  membrane  is  possessed  by  the  cells  of  the  dorsal  spinal  ganglion 
and  the  sympathetic  ganglionic  cells,  but  is  absent  in  the  case  of  the 
large  motor  cells  of  the  ventral  horn  of  the  spinal  cord.  The  proto- 
plasm can  be  roughly  divided  into  a  peripheral  exoplasmic  portion 
and  a  central  endoplasmic  part.  The  cytoplasm  throughout  presents 
a  delicate  fibrillated  structure,  the  fibrillce  being  still  the  subject  of 
much  controversy.  In  addition  to  the  intracellular  fibrillse  there  were 
discovered  and  described  by  Nissl,  in  1885,  what  have  since  been 
almost  universally  known  as  Nissl^s  bodies^  though  von  Lenhoss^'k 
has  proposed  for  them  the  term  tigroid  bodies.  These  masses,  l)est 
understood  by  a  reference  to  Figs.  266,  267  and  268,  are  made  the 
basis  of  an  elaborate  classification  by  Nissl,  his  arkyochrome  cells 
being  those  in  which  the  tigroid  bodies  are  arranged  in  the  form  of 
a  network,  while  his  stichochrome  cells  are  those  in  which  the  tigroid 
bodies  are  arranged  as  stripes  or  lines,  parallel  either  with  the  cell 
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wall  or  the  nucleus.     His  gryochrome  cells  are  those  in  whidi  the 

stainable  parts  of  the  cytoplasm  are  made  up  wholl;  of  small  grannies. 

The  nature  of  the  tigroid  masses  is  a  matter  of  controversy;  tt  sll 

events  they  are  basophilic  as  regards  staining  properties,    ^dird 


ill  very  thin  sections,  one-liaif  to  one  micron  in  thickness  after  Hetds 
nifthod,  they  arc  found  with  high  powers  to  be  made  up  of  a  mLtturf 
of  very  small  and  of  somewhat  coarser  granules,  of  rounded  tomi. 
arranged  in  rows  and  radii,  anil  ai>parently  buried  in  a  coagulum- 
like  matrix.    The  tigroid  masses  are  invisible  in  fresh  cells  anil  «rc 
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;ntly  precipitates  due  to  the  Nissl  method  of  fixation  and 
ig.  TTiey  resbt  digestion  with  pepsin  and  hydrochloric  acid 
ly  temperatures,  as  has  been  determined  by  Held.  They  are 
laoluble  in  acetic  acid,  ether,  and  chloroform,  but,  on  the  other 

are  eaaily  dissolved  by  alkalies,  particularly  carbonate  of 
ti.  They  give  positive  results  when  tested  with  phosphorus 
egative  ones  when  tested  for  iron.'  Held  regards  the  bodies 
onging  to  the  nucleoalbumins,  and  this  view  is  doubtless 
t. 

iveen  Nissl's  bodies  lies  the  unstainable  portion  of  the  cyto- 
.  and  the  quantitative  relations  of  the  former  to  the  latter  vary 
ously.  Thus  in  the  cells  of  the  ventral  horn  of  the  cord  the 
ble  substance  of  Nissl  preponderates,  whereas  in  the  cells  of 
ije  the  unstainable  substance  greatly  exceeds  the  stninable. 
ling  to  Rosin,  the  un- 

ble  substance  is  addo-  ""■  '''* 

and  in  it,  according  to 
r,  Ap&tby,  and  Bethe, 
imerous  nerve  fibrils, 
der  to  demonstrate 
fibrils  it  is  first  neces- 
3  dissolve  the  tigroid 

with  ammonium.  The 
ition  is  then  found  to 
re  pronounced  in  the 
eriJ  exoplasmic  por- 
f  the  nerve  cell  than 

endoplasm. 
ides  Nissl's  bodies  and 
nstainable  fibrillated 
n  of  the  protoplasm, 
of  the  larger  nerve 
tossess  a  mass  of  pig- 
d  matter,  in  addition 
ther  large  nucleus  with 
net  nucleolus. 
me  Dendrites.— The 
ilasmic  processescalled 
ites  (see  Figs.  269,  270 
J71)  resemble  more 
'  in  appearance  and 
bility  the  cell  body  itself  than  does  the  axone.  'ITiey  leave  the 
asm   by  broa*i,  thick  bases,  and  divide  and   sul>divide  into 

I.  intl.  Tol.  II.  p.  mi.    Mkcalliim,  la  (bJi  i«iwr.  cMua  to 
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numerous  fine  twigs  which  end  in  free  extremities.  The  dendrites 
of  a  ^ven  cell,  as  well  as  those  of  different  cells,  vary  enormously  in 
length  and  numbers.  In  some  cells  one  dendrite  may  be  grestly 
developed,  while  the  others  remain  small  and  slender.  The  dendriles 
are  seldom  straight  in  their  course,  and  are  usually  irr^^ulir  in 
contour,  in  marked  contrast  to  the  axones.  The  branching  of  i 
dendrite  may  occur  near  to  or  at  some  distance  from  its  origin  i( 
the  cell  body,  and  these  branches  almost  never  anastomose  with  one 
another.  They  merely  touch  each  other,  thus  producing  a  felturorfi 
in  contradistinction  to  a  network. 


linlgl'i  cell,  tj'pei.  cell  from  the  opllc  tnctof  the  cat  iBtemllr  from  the  bUml  iCDlrnMli 
bod)'.  Kadlnling  rrom  the  cell  bodf  >ie  to  be  seen  vei;  DUiny  protoptumic  piwcaa  wblA 
show  a  Liruiul  we<]ge  of  urtgln  and  bnocb  cbusclerlitlcallr;  tbe  dngle  ails  cjUndet  pncea.ii' 
aioiu?,  Fi,  boi  n  kmuoth  aurDti'e  and  lolenbly  even  calibre,  which  la  maintained  Ibr  ■  cotwUtnlilt 
distance  fmia  Lbecetl.  It  glTCSoffafeH  dellatelalenl  bisiicbeanrcnilalcraaa,  c.  (Alter EDI- 
llker.) 

In  some  cells  the  dendritic  tufts  cover  a  surprisingly  large  ami: 
in  others  they  arc  n-liitively  insignificant  in  extent.  Again,  from 
some  cell  l)otlies  the  dendrites  originate  apparently  from  nearly  ewrj* 
ptiiht  af  the  cell  siirfiice,  whereas  in  others  a  more  or  less  considersblf 
|>(>rtii)ii  uf  this  surface  is  smooth  and  unbroken.  Some  cells,  indeed, 
arc  wholly  destitute  of  ilendritc.s,  and  are  hence  called  adendritic; 
hut  soini'  of  these  tells  |X)ssess  axones  from  which  there  issue  non- 
inediillateil  branches  dividing  in  a  manner  characteristic  of  dendrites 
ami  tcrnu'd  axodendrites  by  von  Lenhoss^k.    The  unipolar  celb  of 
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be  dorsal  spinal  ganglia  apparently  are  without  dendrites,  but 
tudied  embryologically  they  are  found  to  be  primarily  bipolar,  in 
rhich  condition  they  always  remain  in  the  case  uf  the  ganglia  of  the 
ig^th  cranial  nerve.  In  the  adult  cell  the  single  dendrite  stretching 
letween  periphery  and  ganglion  is  anatomically  an  axone,  but 
mbryologically  and  physiologically 
:  is  a  dendrite,  as  was  first  pointed  ~     ~~ 

ut  by  Ram6n  y  Cajal  in  1889. 

In  general,  dendrites  are  tlestitute 
I  a  myelin  sheath,  whereas  axones 
lossess  them.  The  posterior  spinal 
;anglion  cell  affords  an  exception 
D  the  rule,  its  single  dendrite  being 
Qedullated  and  accurately  simu- 
Eiting  a  dendrite. 

TTie  dendrites  of  many  nerve  cells 
,re  characterized  by  enlargements 
Jong  their  course,  first  described 
»y  Berkley,  of  Baltimore,  in  1896, 
,nd  to  which  he  gave  the  name 
lemnudes.  (See  Kg.  269.)  At  one 
ime  they  were  supposed  to  arise 
rom  artifidal  causes,  such  as  fixa- 
ion  and  staining  by  silver  nitrate, 
mt  so  constant  is  their  presence 
D  certain  cortical  cells,  and  so  con- 
stant is  their  absence  in  others,  that 
hey  are  generally  regarded  as  real 
ind  not  artifldal.  They  appear 
jniformly  and  most  clearly  on  the 
lendrites  of  the  pyramidal  cells  of 
Betz  and  the  cells  of  Purkinje  fixed 
tnd  stained  by  the  Golgi  method. 
Berkley  sugg^ts  that  by  increas- 
ng  the  surface  of  the  dendrites 
;hey  increase  the  number  of  contact  points.  Their  aKsence  from 
Jie  pyramidal  cells  in  cases  of  cortical  atrophy,  a.s  in  general  par- 
dysis  of  the  insane,  is  very  suggestive. 

3.  The  Azone. — Axones  differ  from  dendrites  in  several  re.speets: 
(l)  They  leave  their  respective  cell  bodies  by  narrow,  wedge-shape<l 
be^nnings,  as  contrasteil  with  the  dendrites  which  have  broad  proto- 
plasmic trunks.  'ITie  origin  of  the  axiine  is  called  the  axone  hillock, 
ind  is  destitute  of  Xis-sl's  l»odie.s,  though  it  shows  di.stiiietly  a  fine 
Sbrillatiun  continuous  with  that  of  the  cell  Iwxly.  (ii)  The  dark 
Ijodies  of  NissI,  found  in  the  cell  body  and  its  deiulrites,  an-  not 
'ound  in  the  axone.    (iii)  The  calibre  of  the  axone  varies  less  with  its 


wllb  ilMirt 

tHUicfaed  ula  o'llnder,  or  aioiie.  rrooi  Ibe 
gnnulkr  layer  ot  Ibe  cerebellum  of  >  «l 
iged  eight  dkri-   (After  VuiOebucbMn.) 
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length  than  does  that  of  the  dendrites  from  the  same  cell,  and  it  is 
usually  maintained  for  some  distance,  (iv)  The  surface  of  the  axone 
is  smooth,  its  walls  being  parallel,  whereas  the  surface  of  the  dendrite 
is  very  uneven,  frequently  being  made  so  by  the  presence  of  gem- 
mules,  (v)  The  axone,  as  a  rule,  pursues  a  direct  course  from 
origin  to  destination  and  is  not  branched  (though  it  may  possess 
collaterals),  whereas  the  pathway  of  the  dendrites  is  a  devious  one, 
and  it  branches  diffusely,  (vi)  The  bulk  of  all  the  dendrites  of  a 
given  cell  is  usually  less  than  the  bulk  of  the  cell  body,  whereas 
the  bulk  of  the  axone,  by  reason  of  its  great  length,  may  be  220 
times  greater  than  the  bulk  of  tlie  cell  body  from  which  it  springs. 
(Donaldson.) 

The  length  of  an  axone  varies  from  a  few  millimetres  to  half  the 
height  of  an  individual.  The  longest  ones,  called  inaxones  by  von 
I^enhoss^k,  are  those  of  the  motor  paths  from  brain  into  cord,  or 
from  cord  to  muscles.  Most  neurones  are  numaxanic,  in  that  thev 
possess  but  one  axone;  but  some  are  diaxonic,  and  some  are  poly- 
axonic.  The  dorsal  spinal  ganglion  cell  is  often  called  diaxonic, 
because  that  portion  of  the  cell  entering  the  cord  and  that  portion 
extending  to  the  periphery  are  structurally  axones,  although,  as  we 
have  seen,  the  latter  process  is  embryologically  and  functionally  a 
dendrite.  An  axone  which  branches  by  a  T-shaped  division,'  as 
those  entering  the  column  of  Burdach  from  the  dorsal  spinal  ganglion 
cell,  is  called  a  schizaxone.  Polyaxonic  cells  are  rare;  Ram6n  y  Cajal 
has  found  them  in  the  sympathetic  system,  notably  in  Auerbach's 
and  Meissner's  plexuses.  Neurones  without  axones,  found,  for 
example,  in  the  bulbus  olfactorius,  retina,  and  in  the  basket  cells 
alx>ut  the  cells  of  Purkinje,  are  called  anaxonic  cells. 

The  distal  ends  of  axones  are  usuallv  branched  and  free.  The 
branches  may  form  an  arborization  around  either  a  single  cell  or  a 
dendrite,  though  the  actual  demonstration  of  such  arborization  is 
very  rare.  It  is,  however,  very  convenient  for  diagrammatic  purposes 
to  rt^prt^sent  in  most  instances  the  arborization  between  the  end  of 
an  axone  and  the  beginning  of  a  dendrite,  but  the  student  is  warned 
that  such  rt^presentations  are  almost  invariably  purely  diagrammatic. 
Many  (uirious  fonns  of  termination  besides  arborization  occur,  among 
tlieni  U^ing  the  "climbing  fibres"  of  the  cerebellar  cortex,  the  "disks'* 
of  Meissner's  corpuscles,  and  the  motor  plates  at  the  end  of  the  motor 
axones. 

Axones  are  usuallv,  but  not  invariablv,  medullated.  External  to 
tlie  nivelin  sheath  is  the  neurilemma,  which  is  always  wanting, 
however,  in  the  cerebrospinal  axis.  ITie  axones  in  the  sympathetic 
svsteni  an*  non-nuHluUateil,  but  thev  possess  a  neurilemma.  The 
nuHluUary  sheath,  when  present,  is  usually  wanting  near  the  cell 
UhIv,  autl  is  abstMit  at  the  end  of  the  axone,  as,  for  example,  about 
tlie  terminal  motor  platC4>. 
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4.  Collaterals. — The  collateral  branches  of  an  axone  are  divided 
>y  von  Lenhoss^k  into  two  groups:  the  axodendrites,  which  are  non- 
nedullated,  and  the  paraxones,  which  possess  a  medullary  sheath 
f  the  axone  itself  possesses  one.  This  distinction  is  a  good  one, 
hough  the  terms  themselves  may  be  dispensed  with  in  the  interest 
>f  simplicity.  The  collaterals  leave  the  axone  by  wedge-shaped 
mddings,  almost  at  right  angles  to  it.  They  usually  make  their  way 
o  the  dendrites  or  cell  bodies  of  other  neurones,  about  which  they 
orm  arborizations,  and  so  establish  new  and  manifold  relations, 
rhus  complicated  reflexes  are  easily  explained  by  the  intervention  of 
oUaterals,  and  thus  also  is  explained  Ram6n  y  Cajal's  term  of 
ivalanche  conduction,  since  the  axone  of  one  neurone  may  send 
mpulses  through  its  collaterals  to  many  neurones,  and  each  one  of 
hese  to  many  more  in  turn.  Though  the  number  of  collaterals 
vhich  an  axone  may  possess  has  never  been  determined,  Kolliker 
vas  fortunate  enough  to  find  nine  issuing  from  an  axone  followed 
or  a  few  millimetres  in  a  longitudinal  section  of  the  cord.  Some 
kxones  possess  no  collaterals,  as  those  emerging  from  the  motor  cells 
n  the  ventral  horn  of  the  spinal  cord.  In  general  it  may  be  affirmed 
hat  those  axones  which  course  through  the  cerebrospinal  axis  are 
>rovided  with  collaterals,  while  those  in  the  peripheral  nervous 
(ystem  are  devoid  of  them ;  and  when  they  are  present,  they  are  more 
lumerous  along  that  part  of  the  axone  near  the  cell  body  (cyto- 
)roximal  end)  than  beyond  in  the  cytodistal  portion.  This  would 
ead  one  to  suppose  that  in  the  spinal  cord  more  collaterals  are  to  be 
bund  in  the  column  of  Burdach  than  in  the  column  of  Groll,  which 
s  true;  the  latter  fasciculus,  made  up  of  the  cytodistal  portions  of 
ixones  which  lower  down  in  the  cord  occupy  the  column  of  Burdach, 
s  practically  free  from  collaterals. 

b.  Origin  of  Neurones* 

In  the  earliest  stages  of  embryonic  life  the  cerebrospinal  axis  consists 
amply  of  a  thin-walled  tube,  formed  by  a  single  layer  of  columnar 
epithelium  derived  from  the  ectoderm.  (See  Fig.  272.)  Subse- 
:juently,  according  to  His,  large  round  cells,  called  by  him  germinal 
jtUSf  begin  to  appear  in  the  intervals  between  the  columnar  cells; 
Bind  about  the  fourth  week  of  embryonic  life  they  form  an  almost 
:M>ntinuous  layer.  At  this  stage  these  cells  have  no  processes;  so 
that  although  there  is  a  nervous  system,  as  His  remarks,  there  are 
no  nerves.  Later  these  germinal  cells  begin  to  migrate  to  the  per- 
ipheral portion  of  the  neural  tube,  become  pyriform  in  shape,  and  are 
known  as  neurobUuts.  The  stalk  of  the  cell  directed  awav  from 
the  ectodermic  surface  becomes  the  axone,  and  from  the  opposite 
pole  the  dendrites  begin  to  develop.  Thus  both  axone  and  deyidrites 
ue -derivations  of  the  cell  body.    ITie  original  columnar  cells  become 
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the  ependymal  cells,  or  develop  into  the  neurogtia  celb  which  sem 
as  a  supporting  framework. 

c.  Types  of  Neurones. 

Depending  upon  the  anatomic  appearance  of  the  asone,  Golgi 
distinguished  two  types  of  neurones  which  are  generally  spoken  of 
as  Golgi's  "cell  type  I  and  cell  type  II." 

(a)  Th«  Cell  Tyvt  I,  illustrated  in  Fig.  270,  shows  an  axone 
which  fails  to  branch,  which  stands  out  as  a  distinct  fibre,  of  the 


same  average  calibre  throughout,  with  smooth  parallel  walls.  It 
was  Golgi's  iilea  that  such  cells  were  motor,  since  motor  cells  in 
general  iR-loiigeii  to  this  tj-pe.  'ITie  distal  enil  of  such  an  axone 
usually  bn'aks  up  into  an  arborization,  the  single  branches  of 
wliicli  arc  in  a  relation  of  contiguity  with  tlie  dendrites  of  another 
ncuroiic  or  its  cell  Ixtily,  or,  as  in  the  case  of  a  peripheral  mcrtor 
iieiiroiu',  ari'  flattened  out  on  the  muscle  fibres,  forming  the  motor 
eiul-plates  of  the  nerve. 

(h)    Golgi's  Cell  Typ«  II  differs  from  cell  type  I  characteristically 
only  in  the  branching  of  the  axone,  which,  by  reason  of  the  branch-^ 
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ing,  is  sometimes  called  a  dendraxone.  (See  Fig.  271.)  In  a  cell 
of  this  type  the  axone  begins  to  divide  very  soon  after  its  exit  from 
the  cell  body  into  a  large  number  of  minute  branches  forming 
a  dense  feltwork  in  which  the  axone  quickly  loses  its  identity. 
Golgi's  hypothesis  that  cells  of  this  type  are  sensory  has  been  swept 
away  by  Ram6n  y  Cajal,  who  has  showed  that  Grolgi's  cell  type  I 
differs  from  cell  type  II  only  in  the  destination  of  its  respective 
axone,  that  of  the  former  ending  in  an  arborization  at  a  considerable 
distance  from  the  cell  body,  while  that  of  the  latter  divides  up 
near  the  cell  body,  each  being  peculiariy  adapted  to  the  function 
required  of  it.  In  this  way  is  explained  the  more  frequent  occur- 
rence of  cells  of  type  I  in  paths  uniting  distant  portions  of  gray 
matter,  and  the  more  frequent  occurrence  of  cells  of  type  II  in  paths 
uniting  adjacent  portions  of  gray  matter. 

d.  Interrelation  of  Neurones. 

A  point  of  great  importance  with  reference  to  lx)th  the  physiology 
and  the  pathology  of  the  nervous  system  is  the  independence  of  each 
individual  neurone  as  regards  all  other  neurones  histologically.  His, 
in  1881,  and  Forel,  in  1887,  were  the  first  to  enunciate  this  doctrine. 
It  had  been  previously  held,  owing  to  the  pernicious  teachings  of 
Gerlach  concerning  his  alleged  network,  that  the  branching  processes 
of  neighboring  neurones  completely  anastomosed.  But  His,  fn)m 
embryologic  studies,  and  Forel,  from  studies  in  pathology,  stated  the 
principle  of  contiguity  as  explaining  the  interrelations  of  neurones. 
Ehrlich's  method  of  staining  by  methylene  blue,  either  intra  vitam 
or  post-mortem  have  led  to  confirmatory  results.  The  late  work  of 
Held,  Apdthy,  Bethe  and  Nissl  has  led  these  observers  and  their 
followers  to  question  the  absolute  individuality  of  every  neurone,  for 
apparently  protoplasmic;  continuity  has  been  established  between 
adjacent  neurones.  Tlie  word  apparently  is  used  advisedly,  for 
Ram6n  y  Cajal's  latest  method  of  staining  (1904),  being  practically 
the  application  of  the  principles  of  photographic  printing  and  devel- 
oping to  tissues,  has  led  to  results  amply  confirming  his  earlier  studies. 
Ram6n  y  Cajal  stands  to-<lay  the  foremost  champion  of  individuality 
among  neurones.  Held's  doctrine  of  concrescence  lH»twe<*n  the  axone 
of  one  neurone  and  the  cell  Ixxly  of  another,  even  though  the  con- 
crescence in  the  adult  cell  leads  to  complete  fusion,  does  not  really 
impair  the  doctrine  of  individuality.  The  question  as  to  the  existence 
of  ApAthy's  neurofibrils,  so  much  like  the  old  stumbling-block  of 
Gerlach 's  nerve  network,  must  Ih»  passed  by  unmentioned. 

TTie  teachings  of  botanists  of  protoplasmic  contiguity  among  plant 
cells  affords  some  basis  of  arinmient  bv  analo^v.  But  should  such 
contiguity  ever  be  proved^  it  is  difficult  to  see  how  it  can  invalidate 
individuality  among  neurones. 

41 
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e.  The  Neuronal  Theory. 

The  neuronal  theory  considers  the  nervous  system,  aside  from  its 
neuroglia,  bloodvessels,  and  lymphatics,  as  made  up  of  countless 
individual  nerve  elements  or  neurones.  Each  of  these  is  a  complete 
autonomous  cell,  and  throughout  life  it  is  morphologically  and  id  i 
sense  also  physiologically  independent  of  every  other  neurone, 
establishing  communication  with  other  neurones  only  by  contiguity, 
as  the  leaves  of  two  trees  may  touch,  without  substance  actuallj 
passing  between  them.  Tlie  axone  found  in  the  peripheral  nerve, 
like  the  protoplasmic  process  (dendrite)  found  in  the  gray  matter, 
forms  an  integral  part  of  the  nerve  unit,  with  organic  connection 
with  the  cell  body,  which  serves  as  their  trophic  and  control  centre. 
In  higher  animals  the  conduction  of  nervous  impulses  usually  pro- 
ceeds in  one  direction  along  several  neurones,  arranged  in  tandem 
or  in  chains,  each  unit  of  the  chain  being  in  a  position  to  be  affected 
bv  and  in  turn  to  affect  one  or  several  other  neurones.  Thus  tracts 
are  made  and  pathways  of  association,  and  thus  distant  sense  organs 
and  muscles  are  brought  into  relation  with  the  cerebrospinal  centre. 
To  end  by  a  quotation  from  Barker's  excellent  treatise  on  the  neurone: 
**The  nen'e  life  of  the  individual,  including  all  his  reflex,  instinctive 
and  volitional  activities,  is  the  sum  total  of  the  life  of  his  mill'ard 
of  neurones." 


2.  THE  PHT8I0L00Y  OF  THE  NEUBONS. 

a.  Effect  of  Mutilation  upon  the  Neurone. 


1.  Wallerian  Degeneration. — \Mien  a  peripheral  nerve  is  severed 
the  distal  portion  degenerates;  the  myelin  sheath  is  broken  up  and 
alxsorbed,  the  axone  itself  dissolves  and  disappears,  and  even  the 
lunirilemma  ultimately  shows  alteration.  TTie  process  is  called 
Wallerian  degeneration^  after  Waller,  who  first  thoroughly  studied 
and  desc*ril>ed  it  (1850).  Sometimes  it  is  called  descending  degen- 
eration, not  l>ecause  it  begins  at  the  point  severed  and  proceeds 
distally,  for,  on  the  contrarj%  the  whole  distal  segment  degenerates 
sinuihantHiusly  throughout  its  length,  but  because  it  follows  down 
the  ix>urst^  of  the  nerve  fibre.  Waller  proved  that  such  d^eneration 
tiH>k  plaix^  in  the  distal  segments  of  both  motor  and  sensory  fibres. 
MonH>ver,  he  pn>ved  that  if  the  sensory  root  were  severed  between 
the  dorsid  spinal  ganglion  and  the  spinal  cord  the  d^eneration 
followinl  in  ivrtain  fibres  located  in  the  columns  of  Burdach  and  Goll. 
The  intorpri^tation  of  these  facts  did  not  follow  until  more  than 
thirty  wars  later,  when  His  demonstrated  that  the  peripheral  nenes 
ix>ntaintHi  pnxv^ist^4>  directly  connected  with  nerve  cells,  either  in  the 
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ventral  horn  of  the  spinal  cord  or  in  the  dorsal  spinal  ganglion;  and 
that  the  fibres  of  the  columns  of  (joU  and  Burdach  are  the  axones 
of  the  cells  of  the  dorsal  ganglion.  Stated  in  a  more  modem  way 
Waller's  law  is  as  follows :  Whenever  an  axone  is  severed  from  the 
cell  body  from  which  it  issues,  the  portion  distal  to  the  point  severed 
degenerates.  This  degeneration  involves  not  only  the  axone,  but 
-also  its  main  terminals,  its  collaterals,  and  their  terminals. 

The  value  of  the  application  of  Waller's  law  properly  interpreted 
has  been  immense.  If  the  trophic  centre — ^that  is,  the  cell  body  of  a 
given  fibre — ^is  to  "be  determined,  section  with  study  of  the  ensuing 
degeneration  affords  the  solution.  Thus,  in  a  transverse  section  of 
the  spinal  cord,  strands  of  degeneration  found  above  the  lesion 
demonstrate  that  the  cell  bodies  of  the  degenerated  fibres  lie  below  it; 
whereas,  strands  of  degeneration  found  below  the  lesion  demonstrate 
that  the  cell  bodies  or  trophic  centres  lie  above  it.  Thus  Tiirck 
discovered  the  course  and  direction  of  the  pyramidal  tract  fibres, 
and  since  his  discovery  (1852)  immense  progress  has  been  made  by 
this  method  in  unravelling  the  complicated  relations  of  the  fibres  and 
tracts  in  the  cerebrospinal  axis. 

2.  Retrograde  Degeneration. — Another  form  of  degeneration  has 
been  called  retrograde  degeneration  by  Nissl,  a  degeneration  which, 
after  division  of  an  axone,  involves  both  the  proximal  portion  of  the 
severed  fibre  and  its  cell  body.  Shortly  after  Waller's  study  and  the 
enunciation  of  the  law  bearing  his  name,  it  was  found  that  after 
amputation  of  a  limb  the  motor  fibres  proximally  located  slowly 
wasted  and  disappeared.  This  was  directly  contrary  to  Waller's 
teac*hings,  for  he  msisted  that  the  proximal  portion  remained  in  a 
state  of  integrity,  the  distal  portion  alone  degenerating.  Marinesco, 
in  1892,  showed  that  not  only  do  the  proximal  fibres  disappear  after 
amputation  of  a  limb,  but  that  the  gray  matter  of  the  spinal  cord  also 
disappears  in  part.  Thus  the  whole  neurone  is  lost.  More  valuable 
is  Nissl 's  recent  study.  Nissl  has  actually  demonstrated  that  shortly 
after  an  axone  is  severed  from  the  cell  body  rarefaction  and  gran- 
ulation of  the  Nissl  bodies  follow,  and  his  observations  have  been 
confirmed  by  other  observers  (Flatau).  Thus  it  results  that  when 
an  axone  is  severed  the  whole  neurone  suffers,  and,  the  nearer  the 
point  of  injury  of  the  axone  is  to  the  c»ell  body,  the  greater  the  effect 
upon  the  neurone  as  a  whole.  Although  it  has  not  hitherto  been 
possible  to  study  dendrites  as  accurately  as  it  has  been  to  study 
axones,  it  is  undoubtedly  tnie  that  injuries  to  them  are  also  followed 
by  changes  within  the  cell  Ixxly. 

3.  Injury  to  Cell  Body. — When  the  cell  body  is  directly  interfen^d 
with,  death  of  the  axone  and  dendrites  follows.  For  example,  if  the 
ajbdominal  aorta  of  a  rabbit  be  ligatured  for  thirty  minutes  or  an  hour, 
there  results  permanent  sensory  and  motor  paralysis  of  the  posterior 
extremities  beci^use  of  necrosis  of  the  cells  in  the  spinal  cord.    Subse- 
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quent  histologic  study  shows  complete  degeneration  of  the  entire 
neurone  and  is  easily  made  out  within  a  very  few  days  by  the  applica- 
tion of  the  Marchi  method.  Poisons  circulating  in  the  blood  produce 
similar  effects  upon  the  neurone. 

4.  The  Gondllflion  of  the  whole  matter  of  mutilation  of  a  neurone 
is  this :  Injury  to  any  part  of  a  neurone  affects  more  or  less  all  other 
parts.  The  neurone  as  a  wholes  therefore y  is  a  trophic  unity  and  ihe 
exact  location  of  the  trophic  function  in  any  particular  part  of  it  i$ 
not  yet  esiablished,  though  it  seems  not  unlikely  that  trophic  innpuUa 
proceed  from  the  cell  body  into  Us  processes. 

b.  The  Activity  of  the  Neurone. 

Neurones  are  unremitting  in  their  activities.  Lake  all  living 
matter,  they  know  no  repose.  Impulses  are  constantly  passing  to  the 
cerebrospinal  centres  in  control  of  our  physical  processes,  yet  we 
are  wholly  unconscious  of  them.  Similarly  impulses  are  passing 
continuously  to  our  muscles,  insufficient  to  cause  muscular  con- 
tractions, but  sufficient  to  preserve  their  tonus  and  nutrition,  and  of 
these  we  are  not  conscious.  The  nature  of  this  activity  is,  however, 
unknown,  even  after  half  a  century  of  arduous  investigation  by 
physiologists.  Undoubtedly  the  vital  manifestations  are  vested  in 
the  metaboUc  actixnties  of  the  cell  body,  but  the  chemistry  of  the 
nerve  cells  is  far  beyond  our  present  knowledge.  TTie  importance  of 
normal  impulses,  both  efferent  and  afferent,  for  the  welfare  of  the 
neurone  is,  however,  certain.  Without  such  impulses,  received  or 
emitted,  there  can  be  no  life;  the  cell  atrophies  l^ecause  it  is  unused. 

Is  there  such  a  thing  as  automatic  or  spontaneous  activity  in 
neurones?  **If  among  external  stimuli  we  class  not  simply  those 
outside  the  IxkIv,  in  which  event  a  ver\'  minute  fraction  of  the  whole 
numl>er  of  neurones  would  be  directlv  accessible  to  external  stimuli, 
but  all  those  external  to  a  given  neurone,  including  those  arrinng 
thn)ugh  the  lymph  which  bathes  it,  or  by  means  of  the  processes  of 
other  neun)iies  which  enter  into  relations  of  conduction  >nth  it,  we 
shall  come  to  the  conclusion  that  the  limits  of  genuine  spontaneity 
of  action  on  the  part  of  neurones  are  very  narrow;  indeed,  some 
authors  would  deny  its  existence  altogether."*  Von  Ix»nhossek,  for 
example,  rt^gards  the  (juestion  as  finally  settled,  and  boldly  affirms 
that  there  is  no  nerve  t*ell  which  of  itself  alone  is  active;  external 
stimuli  invariablv  art*  the  incitants  of  its  acti\*ities.  Indeed,  reflex 
actions  art*  by  definition  the  result  of  external  stimuli,  and  even 
volitional  movements  are  reflex  actions  modified  by  memories.  And 
memories  themselves  art*  but  recollections  invariablv  awakene<I 
thn>Ui:h  tlu'  law  of  association  of  ideas  bv  external  causes. 

>  U  F.  Barker.  The  Nerroiu  System,  p.  252. 


THE  PHYSIOLOGY  OF  THE  NERVOUS  SYSTEM  645 

e.  The  Effect  of  Activity  upon  the  Neurone.  \x  ^ 

lough  the  neurone  is  incessantly  active,  activity  is  a  relative 
,  and  there  are  various  degrees  of  it.  Very  slight  activity  is 
ally  repose,  and  during  repose  the  anabolic  processes  in  the 
i  cell  are  doubtless  in  the  ascendancy.  I^ugaro  finds  that  during 
?rate  activity  the  protoplasm  becomes  somewhat  turgescent,  and 
the  nucleus  undergoes  no  change  in  size.  In  the  earlier  phases 
?tivity  the  stainable  substance  of  Nissl  apparently  increases  in 
int,  but  subsequently  it  is  diminished.  Hodge,  who  is  the 
;er  in  the  subject  of  the  effect  of  fatigue  upon  nerve  cells,  has 
ed  the  protoplasm  and  nucleus  after  five  hours  of  faradization, 
found  that  the  fatigued  cell  was  decreased  in  size,  that  the 
^us  was  shrunken,  showing  zigzag  borders  and  staining  more 
ly  than  the  normal,  and  that  the  protoplasm  was  often  shrunken 
stained  faintly.  These  alterations,  also  observed  in  nerve  cells 
)ney-bees,  swallows,  and  pigeons  after  a  day  of  flight,  disappeared 
ig  u  night's  rest.  This  recuperative  ability  is  sometimes  lost, 
a  condition  of  pathologic  physiology  results.  The  condition 
m  as  neurasthenia  apparently  has  for  its  basis  an  inability  on 
3art  of  the  neurone  to  recover  from  fatigue.  Based  upon  this 
ral  inability  is  the  Edinger-Weigert  Ersatz  Theorie  of  locomotor 
a,  and  based  upon  it,  furthermore,  is  the  Weir  Mitchell  rest 
with  forced  feeding. 

d.  Function  of  the  Dendrites. 

I  anatomists  and  physiologists  are  agreed  that  the  axone  has 
unction  of  conduction  of  impulses;  but  c*oncerning  the  function 
induction  in  dendrites  there  has  been  much  dispute.  Even  the 
body  itself  has  been  regarded  as  unnecessary  for  conduction, 
ment  being  based  upon  the  dorsal  spinal  ganglion  cell,  unipolar 
pe,  the  impulses  being  supposed  to  pass  directly  from  the  dendrite 
►  the  axone  (ii),  and  the  cell  body  (iii),  the  short  arm  (rv)  being 
•ded  as  taking  no  part  in  conduction.  (See  Fig.  273).  This  idea 
disproved  by  Wundt  (1871-1876),  who  demonstrated  that  there 
lelay  of  0.003  of  a  second  in  the  passage  of  an  impulse  through 
lorsal  spinal  ganglion,  this  time  being  consumed  by  the  passage 
e  impulse  through  b  to  the  cell  lx)dy  (d)  and  back  again  through 
c.  Moreover,  the  development  of  the  dorsal  spindl  ganglion 
in  lower  animals  shows  it  to  be  originally  bipolar,  so  that  the 
ilse  is  forced  to  enter  the  cell  on  one  side  and  to  emerge  from 
ther.  Thus  the  dorsal  spinal  ganglion  cell  is  a  physiologic  unit, 
r  part  of  it  being  used  in  conduction,  l)oth  dendrite,  cell  Ixnly, 
axone;  and  what  is  true  of  this  neurone  is  true  probably  of  all 
3nes. 
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It  is  to  be  admitted,  however,  that  some  anatomists  and  physiol- 
ogists assume  a  different  function  for  dendrites.  Instead  of  regarding 
them  as  the  equivalents  of  the  branches  of  a  tree,  Golgi  and  his 
followers  have  looked  upon  them  as  the  equivalents  of  roots  sucking 
nutriment  from  the  adjacent  blood  or  lymphatic  vesseb,  and  supply- 
ing it  to  the  cell  body.  In  support  of  this  theory  are  some  instauces 
of  apparently  direct  attachment  of  the  ends  of  dendrites  to  bloodvessel 
walls;  but  while  such  isolated  instances  undoubtedly  exist,  no  sudi 
arrangement  exists  uniformly  for  all  dendrites.  Again,  the  Golgi 
school  draws  attention  to  the  masses  of  dendrites  directed  toward  tk 
cortical  surface  of  cerebrum  and  cerebellum,  the  inference  bong  that 
nutriment  is  drawn  by  them  from  the  bloodvessels  of  the  pa.  Von 
Kolliker,  who  has  reviewed  this  question,  concluded  that  while  the 
balance  inclines  toward  the  nervous  nature  of  dendrites,  there  niay 

Fto.  273 


IHA^TAmmAtic.     Posterior  spUud  gmngUoD  cell:    a,  dendrite;  6.  azone;  c.cell  bodj;  d.  both 

azooe  and  dendrite 


be  some  which  have  no  such  function,  and  which  may  serve  only  in 
aiding  the  nutrition  of  the  cell. 

'Hie  most  convincing  e\'idence  in  favor  of  the  ner\*e  function  of 
dendrites  is  found  in  the  olfactory  glomenili.  Ram6n  y  Cajal,  an 
anient  suppi^rter  of  the  function  of  conduction  in  dendrites,  has 
shown  that  the  only  possible  path  for  the  impulses  of  smell  is  from 
the  terminals  of  the  olfactory  fibrils  upwanl  in  the  glomeruU  to  the 
deuilrites  of  the  mitral  ct*lls.  These  dendrites,  then,  conduct  the 
impulst^  to  tlie  ^.vll  Uxly,  whence  it  proceeds  along  the  axone,  lying 
in  the  i>lfaoti>ry  traet.  Here.  then,  is  one  case  where  the  nerAC  function 
of  iViuluotiiMi  in  dendrites  is  definitely  proved.  Von  Kolliker,  who 
lias  \eriHi\l  Kam"i\  y  (^ajal's  <tiklie>,  calls  attention  to  the  important 
ivnelusion.  later  to  Iv  rt^\eiteti  to.  that  an  impulse  may  pass  from  one 
neunnie  ti»  the  tibrv  of  another. 


V 
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e.  Function  of  the  Axone. 

Concerning  the  function  of  the  axone,  there  has  never  been  any- 
thing but  unanimity  among  both  anatomists  and  physiologists;  it  is 
universally  believed  to  be  a  conducting  organ.  Histologically  two 
sorts  of  axones  are  distinguished :  (a)  those  which  are  surrounded  by 
a  medullary  sheath,  and  (b)  those  which  are  devoid  of  such  covering. 
If  an  axone  is  medullated  its  collaterals  are  also  medullated  as  far 
as  their  terminals.  The  physiologic  importance  of  this  sheath  is  not 
well  understood.  It  has  been  regarded  as  an  insulating  substance, 
thus  implying  that  the  impulse  passing  through  the  axone  is  like  an 
electric  current  passing  through  an  insulated  copper  wire.  In  support 
of  this  view  is  the  fact  elaborated  by  Flcchsig  that  axones  do  not 
acquire  their  medullary  sheaths  until  they  are  sufficiently  developed  to 
be  physiologically  active.  It  is  generally  believed,  therefore,  since  the 
myelin  is  an  insulating  substance,  that  there  can  be  no  transference 
of  an  impulse  from  one  neurone  to  another  except  in  those  parts  in 
which  the  myelin  sheath  is  absent,  and  this  in  the  case  of  medullated 
axones  is  only  at  their  terminals  or  at  the  terminab  of  their  collaterals. 
The  naked  side  fibrils  of  Golgi,  or  the  so-called  axodendrites  of  von 
Lenhoss^k  (see  p.  649),  afford  unusual  opportimities  for  the  trans- 
ference of  impulses  from  one  neurone  to  another. 

On  the  other  hand,  the  existence  of  unsheathed  nerve  fibrils  tends 
to  disprove  this  insulation  hypothesis.  Certain  cranial  nerves,  such 
as  the  olfactory  and  certain  fibres  of  the  pneumogastric  nerve,  as  well 
as  those  fibres  belonging  to  the  sympathetic  system,  are  either  devoid 
of  such  a  sheath  or  have  only  rudimentary  ones.  The  old  physiologic 
rule,  that  in  general  those  efferent  fibres  which  arise  from  centres  in 
the  cerebrospinal  axis  that  are  not  under  voluntary  control  are  naked, 
still  holds  good. 

1.  TransmiBSion  of  Impulses,  (a)  Direction  of  Oondnction; 
OeUulipetal  and  Ooliulifngal  Meisages. — ''The  hypothesis  that  in  the 
neurone  the  dendrites  represent  the  apparatus  for  receiving  nerve 
impulses,  conducting  always  in  the  direction  of  the  cell  body  {cellvlijh 
etal  conduction),  the  axones  being  the  discharging  processes,  conduct- 
ing always  in  a  direction  away  from  the  cell  body  (ceUtUifugal  con- 
duction),"^  was  first  advanced  by  von  Gehuchten  in  1891.  It  has 
been  ably  advocated  by  Ram6n  y  Cajal,  supported  by  Retzius,  and 
adopted  by  von  KoUiker,  Waldeyer,  von  Lenhoss^k,  and  all  leadine 
climcal  neurologists.  Indeed,  it  may  at  the  present  day  be  looked 
upon  as  one  of  the  fundamental  laws  of  the  nervous  system,  despite 
the  fact  that  it  is  not  absolutely  or  incontrovertibly  proved  for  all 
neurones,  though,  as  was  mentioned,  it  has  been  proved  in  the 
olfactory  apparatus. 

Are  there  exceptions  to  the  law  above  enunciated  ?    Apparently 

I  L.  F.  Barker,  loc.  cit..  p.  266 
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there  are.  Thus,  for  example,  in  cells  of  Grolgi's  type  II  (see  Fig.  271), 
it  is  ob\aous  that  impulses  from  some  of  the  dendrites  must  make 
their  way  into  the  cell  body  partly  through  the  basal  portion  of  the 
axone.  Yet  there  is  nothing  to  prevent  the  adoption  of  the  view  that 
such  an  axone  is  a  compound  affair,  consisting  of  a  dendritic  portion 
and  an  axonic  portion,  and  thus  the  law  of  conduction  is  sustained. 
Von  I^nhossek  would  get  around  the  difficulty  by  describing  the 
direction  of  conduction  in  such  dendrites  as  axopetal  (seeking  the 
axone),  instead  of  cellulipetal.  Another  apparent  exception  is  the 
anaxonic  cell.  How  can  it  emit  impulses  if  it  has  no  axone?  Pre- 
sumably only  by  means  of  the  body  wall.  Diaxonic  cells,  like  those 
of  the  dorsal  spinal  ganglia,  are  apparent  exceptions,  but  Ramon  y 
Cajal's  view,  that  the  peripherally  located  anatomic  axone  is  physio- 
logically and  embryologically  a  dendrite,  has  met  A\'ith  very  general 
approval.  Von  Bechterew  is  of  the  opinion  that  dendrites  amdud 
both  ways,  one  neurone  transferring  its  impulses  to  another  by  means 
of  interwoven  dendrites.  This  h}'pothesis  is  based  upon  the  intimate 
relations  of  certain  dendrites  of  the  two  halves  of  the  cord  in  the 
ventral  commissure,  and  upon  the  relation  of  the  anaxonic  cells  in 

the  olfactorv  lobe  with  the  mitral  cells. 

»  

In  conclusion  it  may  be  safely  affirmed  that  cellulipetal  conduction 
has  been  proved  for  the  majority  of  dendrites,  and  cellulifugal 
conduction  for  the  majority  of  axones,  although  cellulipetal  conduc- 
tion unquestionably  occurs  in  some  parts  of  some  axones.  Moreover, 
it  is  not  unlikely  that  ner\'e  impulses  may  pass  lx)th  ways  in  axones 
and  dendrites,  just  as  alternating  electric  currents  pass  through  a 
copper  wire.  At  any  rate,  impulses  have  been  shoiMi  by  physiologic 
experiments  to  pass  in  both  directions  along  a  peripheral  nerve  fibre 
from  the  point  of  stimulation. 

(h)  Transference  of  an  Impulse  from  one  Neurone  to  Another.— .\ 
certain  amount  of  stimulation  is  necessarv  to  call  forth  a  reflex  action 
or  to  give  rise  to  a  sensation.  If  the  stimulus  be  below  this  amount, 
no  reflex  action  or  no  sensation  results.  Thus  pressure  upon  a  point 
in  the  skin  may  Ix*  too  slight  to  elicit  the  sensation  of  touch.  ITiis 
is  tantamount  to  affirming  that  the  touch  point  has  a  "threshold 
value.''  If  the  neurone  theory  be  in  accordance  ^ith  the  facts,  then 
in  the  spread  of  an  impulse  or  excitation  through  the  central  nervous 
system  one  neurone  must  excite  another  neurone,  and  this  in  turn 
one  or  several  others.  Thus  in  a  certain  sense  each  neurone  has 
a  thn\shold  value,  called  bv  Goldscheider  (1898)  the  neurone  threshold. 
Resistan(r  to  the  transference  of  impulses  would  therefore  lie  at  the 
}>oints  of  (x>ntact  or  concrt\scence  of  neurones.  A  point  of  contact 
oiuv  n\sistant  nu\y  doubtless  \ie  made  less  so  after  many  impulses 
have  pass^nl  by  it.  If  impulses  tend  to  follow  the  lines  of  least  resLsl- 
nnci\  then  the  neun^nes  conctTueil  would  ultimately  become  intimately 
assiH'iatiHl  with  each  other,  and  large  numbers  similarly  associateil 
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would  constitute  a  beaten  pathway  for  impulses,  or,  in  other  words, 
a  tract.  The  pyramidal  cells  of  the  cerebral  cortex,  for  example, 
doubtless  have  special  connection  with  some  particular  cells  of  the 
ventral  horn  of  the  spinal  cord,  to  which  they  find  it  easier  to  transfer 
their  impulses  than  to  others.  Possibly  partial  recovery  after  paralysis 
is  due  to  the  passage  of  impulses  along  new  routes  of  higher  neuronal 
threshold  value  than  existed  in  the  former  pathways.  Possibly 
functional  paralysis  is  sometimes  due  to  an  abnormal  increase  of 
resistance  to  transference  of  impulses  at  the  neuronal  threshold. 


Fio.274 


DiagfmmiDAtic,  illustrating  the  law  of  multiplication  of  effect:  a,  dendrite;  b,  axone;  e,  col- 
lateral; e,  oell-body  of  second  neurone.  One  neurone,  d,  is  able  to  stimulate  six  fiecondax7 
nauronea. 


2.  Law  of  the  Multiplication  of  Effects.— It  frequently  happens 

that  a  small  stimulus  produces  a  large  reaction.  For  example,  a 
slight  tap  on  the  patellar  tendon  produces  a  contraction  of  the  entire 
quadriceps  extensor  muscle.  The  explanation  is  simple,  and  is 
illustrated  in  Fig.  274.  Axones  give  off  collaterals,  each  one  of  which 
may  be  in  relation  with  a  separate  neurone.  In  this  manner  the 
peripheral  sensory  neurone  in  vertebrates  is  in  relation  with  various 
levels  of  gray  matter  lying  between  its  place  of  entrance  into  the 
spinal  conl  and  its  terminal  branching  at  the  nucleus  gracilis  or 
nucleus  cuneatus.  By  means  of  these  collaterals  at  least  one  neurone 
at  each  of  the  various  levels  may  l)e  stimulated.     It  is  likely  that 
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many  of  these  collaterals  lie  dormant  ordinarily,  being  reserved  for 
emergencies.  It  is  likely,  too,  that  their  threshold  values  are  at  tunest 
too  high  for  transference  of  impulses,  for  they  may  apparently  be 
lowered  by  drugs,  particularly  strychnine.  A  slight  stimulus  may 
in  strychnine  poisoning  produce  a  con\iilsion,  because  of  the  great 
lowering  of  resistance  at  the  neuronal  threshold.  Similarly,  the 
immense  multiplication  of  effect  seen  in  the  general  conMilsion  of 
epilepsy,  where  a  storm  beginning  gently  in  a  certain  motor  centre 
sweeps  with  tremendously  increasing  fury  over  the  whole  motor 
cortex  of  the  two  hemispheres,  and  so,  involving  approximately  all  of 
the  motor  cells  of  the  motor  cranial  nuclei  and  of  the  ventral  horns 
of  the  cord,  may  have  as  its  fundamental  condition  a  lowered  resist- 
ance at  the  neuronal  threshold.  Surely  Ram6n  y  Cajal's  term 
avalanche  conduction  beautifully  describes  the  law  of  multiplication 
of  eflfect. 

3.  Doctrine  of  Specific  Energy  of  Nerves;  Function  of  the  End 
Organ;  Unity  of  Nerve  Function  in  Nerves.— The  neuronal  proto- 
plasm is  probably  not  equally  excited  by  every  irritant.  One  may 
regard  its  qualities  of  sensitive  reaction  as  so  regulated  that  they 
respond  only  to  certain  forms  of  irritation,  just  as  certain  waves  of 
sound  excite  vibrations  in  a  cord  of  a  certain  length,  but  not  in  other 
cords.  This  corresponding  suaceptibUUy,  which  is  entirely  hypo- 
thetic, may  be  physically  represented  by  certain  states  of  equilibrium 
and  arrangement  of  the  protoplasmic  granules. 

The  doctrine  of  specific  energies  of  nerves  as  formulated  by 
Johannes  Miiller  is  based  on  the  fimdamental  fact  that  whatever 
the  kind  of  stimulation  employed,  whether  electric,  mechanical, 
chemical,  or  traumatic,  the  character  of  the  response  manifested  by 
a  given  neurone  is  always  constant.  For  example,  no  matter  what 
the  agent  used  to  stimulate  the  optic  nerve,  the  response  is  always 
a  subjective  sensation  of  light  and  color.  Hence,  too,  if  a  "cold 
point"  is  stimulated,  even  by  a  hot  wire,  a  sensation  of  cold,  and  of 
cold  alone,  results.  This  constant  quality  of  reaction,  despite  the 
variation  in  the  form  of  external  stimulation,  has  been  the  cause  of 
much  controversy,  and  has  led  to  two  opposing  theories. 

(a)  The  End-organ  Theory. — ^At  the  distal  extremities  of  peripheral 
axones  and  dendrites  are  specialized  structures  forming  a  part  of  the 
neurone  itself  or  in  close  relationship  with  it.  These  structures  are 
known  as  end  organs.  In  the  motor  neurones  they  take  the  form  of 
end  plates  closely  applied  to  the  muscle  cells  and  furnish  the  medium 
of  communication  of  the  impulse,  resulting  in  the  c'ontraction  of  tlie 
muscle  fibres.  (See  P'ig.  275.)  In  the  sensory  dendrites  of  the  dorsal 
pm^lion  cells  the  end  organs  assume  various  forms  depending  upon 
the  kind  of  sensation  subserved.    (See  chapter  on  the  Special  Senses.) 

In  this  connection  the  question  naturally  arises,  WTiat  determines 
the  quality  of  the  impulses  traversing  a  given  neurone?  Is  it  dependent 
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on  the  cell  body,  the  dendrites,  the  axone,  or  the  end  orf^ans,  either 
separately  or  collectivelyf     Different  forms  of  stimuli  applied  to 


■a  hlUuck  devoid  or  NIbI  bodies  am]  ibowlng 
nbrlUuloDi  ai,  uda  orUuiler,  or  wcoiw;  e,  eylopluiii  ■bowlni  Niml  bodlea  >nd  llgbwr  iround 
•Dtatanee:  d.  protoplumlii  pmceMM  (dendrlMi)  containing  Nlvl  bodin;  n.  nucleus;  n.R..  nixk 
tf  RanTfer;  (M.,  collaunti  lO..  motor  end  plMc,  or  telodeiidrlon;  rn.  ilrlptd  miucle  fibre. 

any  part  of  a  nerve  trunk  or  its  centre  produce  l>iit  one  result,  ami 
that  result  depends  apparently  on  the  end  organ.     If  it  l>e  a  motor 
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nerve,  motion  in  the  respective  muscle  results.  If  it  be  a  sensor) 
nerve,  the  sensation  customarily  excited  by  that  nerve  is  experienced. 
Apparently,  therefore,  the  nature  of  conduction  need  not  vary  at  idl, 
wherever  the  neurone  may  be  located  or  whatever  the  sensation 
conducted,  but  at  the  terminus  of  the  conducting  path  the  exdtiDg 
stimulus  produces  a  result  dependent  upon  the  character  of  the  end 
organ  or  end  connections. 

Experiments  have  proved  that  an  isolated  nerve  conducts  equally 
well  in  one  direction  as  in  the  other,  and  while  the  mechanical, 
chemical,  and  electric  stimuli  used  in  the  experiments  may  be 
neither  identical  with  nor  even  similar  to  the  natural  excitants  of 
nervous  impulses,  it  is  perhaps  less  important  to  know  the  nature 
of  the  impulse  received  by  a  neurone  than  it  is  to  define  its  power  of 
transmitting  it  farther.  For  example,  in  a  nerve-muscle  preparation 
stimuli  of  various  kinds  when  applied  to  the  nerve  produce  con- 
traction in  the  muscle.  Manifestly,  here  the  end  plates  are  of  prime 
importance  as  constituting  the  connection  between  nerve  fibre  and 
muscle  fibre.  And  this  suggests  the  idea  that,  for  efferent  neurones 
dt  least,  the  end  plates  alone  determine  the  quality  of  the  nervous 
impulse.  This  is  comparable  with  the  various  recording  instruments 
that  may  be  attached  to  an  electric  wire;  the  agent  and  the  nature 
of  conduction  are  the  same,  but  the  effect  varies  with  the  receiver 
used.  In  the  peripheral  sensory  neurones  the  end  organs  reach  a 
high  degree  of  specialization  for  the  reception  of  various  forms  of 
stimuli.  Thus,  in  the  skin  the  end  organs  are  adapted  to  the  reception 
of  mechanical  and  thermal  stimuli.  In  the  nasal  mucosa  and  the 
taste  buds  are  found  end  organs  adapted  to  the  reception  of  chemical 
stimuli.  In  the  retina  are  found  end  organs  which  are  either  affected 
mechanically  by  the  vibrations  of  the  ether,  or  chemically  by  the 
decomposing  effect  of  light. 

From  these  considerations  it  appears  that,  while  nervous  impulses 
are  excited  differently  according  as  the  sensory  end  organs  (including, 
of  course,  those  placed  deep  in  the  tissues  as  well  as  the  superficial 
ones)  are  adapted  to  receive  impressions,  and  while,  further,  the 
externalization  of  nervous  energy,  manifested  by  motion,  secretion, 
nutrition,  etc.,  depends  largely  on  the  peripheral  end  organs,  the 
character  of  nervous  impulses  and  the  mechanism  of  conduction 
never  varv  and  may  be  identical  in  all  instances. 

(h)  The  Central  Theory. — ^llie  opposing  school  believes  that  the 
sort  of  response  evoked  in  both  sensory  and  motor  neurones  depends 
not  on  the  end  organ,  hut  upon  the  central  region  affected  by  the 
stimulus.  This  is  tantamount  to  affirming  that  the  specific  energies 
Ix^long  to  the  centres  and  are  practically  independent  oi  the  periphen*. 
Pathologic  physiology  strongly  supports  this  hypothesis,  because 
irritation  of  certain  cortical  areas  calls  forth  certain  definite  ami 
constant  s(*nse  pi»rceptions,  and  in  such  cases  there  can  be  no  effect 
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exerted  upon  the  peripheral  sensory  neurone  or  its  end  organ.  Odors, 
flashes  of  light  and  color,  sounds,  even  words  have  been  clearly 
perceived  by  patients  suffering  from  the  pressure  of  cysts  or  tumors 
upon  corresponding  parts  of  the  cerebral  cortex.  Evidently  the 
central  neurone,  in  some  instances  at  least,  has  a  specific  energy. 

Probably,  as  in  all  things,  truth  lies  midway.     In  the  gradual 

development  of  an  individual  neurone  it  undoubtedly  establishes  its 

relations  with  centre  and  periphery  concomitantly.    The  point  is  well 

:  summarized  by  Barker:*    **We  cannot  think  that  the  various  modi- 

'  fications   of   apparatus   mediating   between    the   external    physical 

:  influence  and  the  most  peripheral  portions  of  the  sensory  neurones 

;  of  different  kinds  represent  accidental  structures  which  have  no 

physiologic  import;  nor  can  we  imagine  that  were  the  central  pro- 

■  jection  fields  in  the  cerebral  cortex,  at  which  the  sensory  impulses 

^jurrive  from  the  different  parts  of  the  periphery,  of  no  specific  sig- 

^ficance  for  the  origin  of  the  different  sensations,  they  would  present 

fi^  the  different  sensations  so  absolutely  specific  a  structure." 

/.  The  Inhibitory  Power  of  Neurones. 

A  familiar  example  of  the  inhibitory  power  of  neurones  is  met 
with  in  the  motor  chain  extending  from  the  cerebral  cortex  to  the 
muscle  fibre.  The  upper  motor  neurone  (archineurone)  apparently 
restrains  the  lower  motor  neurone  (teleneurone)  in  its  function,  as  is 
shown  in  the  phenomenon  of  the  patellar  reflex,  which  is  normal 
only  when  both  neurones  are  intact.  In  health  this  reflex  is  but 
moderately  active  owing  to  the  inhibition  said  to  be  exerted  by  the 
upper  upon  the  lower  motor  neurone.  If,  by  disease  of  the  former, 
the  inhibition  is  lessened  or  made  impossible,  then  the  teleneurone 
is  more  free  to  act,  and  an  increased  reflex  results.  Of  course,  if  the 
lower  motor  neurone  is  destroyed  or  diseased,  the  reflex  is  absent, 
for  there  is  no  path  by  which  the  motor  impulse  can  reach  the  muscle 
fibre. 

It  is  fair  to  state  that,  though  physiologists  and  clinicians  in  general 
agree  as  to  the  hypothesis  of  inhibition,  very  many  of  them  do  not 
agree  that  the  upper  motor  neurone  can  inhibit  the  lower  one.  Re- 
flexes are  increased,  for  example,  in  nerve  exhaustion.  Does  such 
increase  mean  a  decrease  of  inhibitory  power  on  the  part  of  the 
upper  neurone,  or  hjrpersensitiveness  of  the  lower?  Surely  hyper- 
irritability  on  the  part  of  the  lower  neurone,  or  a  diminution  of  its 
threshold  value  are  equally  competent  to  lead  to  increased  reflexes. 
Sectioning  of  the  spinal  cord  bears  on  this  question.  If  the  upper 
neurone  really  inhibits  the  lower  one,  when  the  spinal  cord  is  divided 
and  the  fibre  of  the  upper  neurone  running  in  the  pyramidal  tract  is 
therefore  severed,  thus  cutting  off  the  inhibitory  impulses  from  the 

'  I/KJ.  cit.,  p.  255. 
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ventral-horn  cells,  one  would  expect  increased  reflexes.  They  are, 
on  the  contrary,  absolutely  lost;  why,  we  do  not  know.  Leube 
believes  the  patellar  reflex  is  ordinarily  a  cerebral  reflex,  instead  of 
a  spinal  one.  When  the  cerebral  path  is  thus  cut  off,  the  spinal  reflex 
is  called  into  play.  But  the  spinal  reflex  being  one  never  used, 
though  potentially  present,  becomes  a  path  of  relatively  increased 
resistance  to  conduction.  Hence  when  the  patellar  tendon  is  tapped, 
no  knee-jerk  results.  If  the  spinal  cord  is  not  suddenly  severed,  as 
by  a  stab,  but  is  very  gradually  divided  as  by  the  encroachment  of 
a  slowly  growing  tumor,  the  reflex  is  not  lost,  but  is  increased  from 
first  to  last.  The  explanation  by  Leube's  hypothesis  is  simple: 
The  pyramidal  tract  fibres  in  the  cord,  being  easily  compressed  and 
rendered  ineffective,  the  direct  spinal  reflex  is  established  early;  and 
the  spinal  reflex  being  very  direct,  and  requiring  few  neurones  for  its 
accomplishment,  the  knee-jerk  is  increased.  Thus,  according  to 
I^ube,  there  is  no  necessity  for  the  hypothesis  of  inhibition.  Normally 
the  patellar  reflex  is  a  cerebral  one,  requiring  an  impulse  to  make  its 
way  up  to  the  cerebral  cortex  and  down  again  through  many  neurones, 
each  with  its  threshold  value.  Pathologically  the  short,  direct  spinal 
reflex  is  established,  and  the  neuronal  threshold  values  are  so  slight 
that  the  knee-jerk  is  relatively  increased. 

g.  The  Trophic  Influence  of  Neurones  upon  Tissaes. 

This  influence  is  one  of  the  most  obscure  met  with  in  neurology. 
If  the  lower  motor  neurone  is  divided,  or  if  it  undergoes  degeneration 
from  poisoning  by  bacterial  toxins,  alcohol  or  metallic  poisons 
(multiple  neuritis),  rapid  wasting  of  its  muscle  of  supply  is  the  result. 
The  atrophy  of  the  muscle  is  not  the  passive  wasting  of  disease; 
it  is  an  active  atrophy,  the  flesh  being  lost  with  great  rapidity.  On 
the  other  hand,  division  of  the  upper  motor  neurone  or  its  impairment 
by  disease  does  not  lead  to  such  atrophy,  except  in  a  very  few  isolated 
and  inexplicable  cases.  Evidently  there  can  be  no  question  as  to  the 
trophic  influence  exerted  by  the  lower  motor  neurone  upon  the 
muscU*  fibre  which  it  supplies.  The  trophic  influence,  moreover,  is 
not  limited  to  motor  neurones.  In  cases  of  multiple  neuritis  with 
marked  sensory  disturbances  the  skin  becomes  atrophic,  of  a  peculiar 
appearance,  known  technically  among  neurologists  as  **  glossy  skin." 
In  diseases  of  the  spinal  cord  extensive  trophic  disturbance  of  the 
skin  and  underlying  structures  may  result.  For  example,  in  trans- 
verse myelitis  a  bed-sore  may  rapidly  form  and  attain  huge  pro- 
portions in  a  few  days,  or  in  tabes  dorsaJis  (locomotor  ataxia),  a 
trophic  ulcer  may  slowly  and  painlessly  develop  under  the  base  of 
the  first  phalanx  of  either  great  toe. 

The  trophic  influence  exerted  by  neurones  upon  joints  and  bones 
is  well  known  to  neurologists.     Thus,  in  ci^s  of  ti^bes  dorsalis  a 
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knee,  an  ankle,  or  an  elbow-joint  may  undergo  huge  and  compara- 
tively painless  changes,  involving  not  only  the  joint,  but  the  bony 
parts  as  well.  In  syringomyelia  trophic  disturbances,  which  form 
one  of  the  cardinal  symptoms  of  its  symptomatology,  may  appear  in 
the  large  joints  as  well  as  in  the  skin ;  and  not  a  few  cases  of  ordinary 
hemiplegia,  whether  from  thrombosis,  embolism,  or  hemorrhage,  have 
been  attended  with  remarkable  effusions  into  the  joints,  coming  on 
with  great  rapidity*  Most  interesting  is  the  reflex  muscular  atrophy 
seen  in  joint  disease,  as,  for  example,  in  tuberculosis  of  the  knee.  If 
the  knee  be  diseased,  for  example,  wasting  occurs  in  the  quadriceps 
extensor  muscle.  That  this  is  an  active  reflex  atrophy  and  not  an 
atrophy  of  disuse  has  been  proved  by  the  fact  that  severing  of  the 
sensory  fibres  from  the  diseased  joint  to  the  spinal  cord  absolutely 
prevents  such  atrophy.  According  to  Charcot,  many  arthritic 
diseases  are  upon  a  neurologic  basis.  Indeed,  he  used  to  teach  that 
thev  are  first  cousins  of  nervous  diseases. 


h.  Postnatal  Neuronic  Deyelopment. 

Constituting  what  may  be  designated  as  a  function  of  neurones, 
although  it  is  merely  a  matter  of  their  development,  is  the  supposed 
ability  on  the  part  of  certain  neurones,  notably  those  of  the  cerebral 
cortex,  to  develop  additional  dendrites  and  collaterals  and  so  to  form 
new  relationships  with  cells  with  which  they  were  not  previously 
connected.  On  this  hypothesis  rests  the  enormous  development  of 
the  cerebrum  of  an  individual  undergoing  education,  and  of  this 
hypothesis  further  mention  will  be  made  under  the  general  subject 
of  aphasia.  As  such  intellectual  development  depends  largely  upon 
the  extensive  and  diverse  correlation  of  existing  cells  and  centres,  it 
will  readily  be  seen  how  great  is  the  demand  for  new  dendrites  and 
collaterals.  Possibly  also  new  axones,  if  not  entire  neurones,  are 
required  and  furnished  in  a  manner  as  yet  unknown.  ITie  reverse 
of  the  hypothesis  is  doubtless  also  true.  It  is  supposed,  for  example, 
that  dendrites  and  collaterals  may  disappear  after  the  particular 
function  subserved  by  them  is  no  longer  required.  This  is  analogous 
to  muscular  atrophy  from  disuse.  The  wasting  of  the  cortex  in 
general  paralysis  of  the  insane  favors  this  hypothesis. 


B.  THE  PH78I0L00T  OF  THE  SPINAL  OORD. 

Physiologically  the  spinal  cord  must  Ik»  considered  as  extending 
beyond  its  gross  anatomic  limits.  Indeed,  a  lx?tter  term  is  cerebro- 
spinal axis,  because  it  indicates  that  the  cerebral  stem  is  merely  a 
continuation  of  the  spinal  one.  Usage,  however,  sanctions  the  term 
spinal  cord,  and  it  will  be  employed  here  in  its  extended  sense, 
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^N(xV^    1.  THE  SPINAL  OORD  A8  A  OONDUOTOR  OF  NSRVOUS 

mPUUES. 

In  its  function  of  conducting  nervoua  impulses  the  spinal  cord 
differs  from  a  peripheral  nerve  in  complexity  alone.  Its  fibres,  while 
forming  the  large  tracts  comprising  the  white  matter,  are  precisely 
similar  to  those  of  the  peripheral  nerves  in  the  function  of  conduction. 
We  find  in  the  spinal  cord,  in  addition,  chains  of  neurones,  the  cell 
bodies  of  which  comprise  the  gray  matter.  We  have  already  seen 
that  the  cell  body  of  a  neurone  serves  to  receive,  and  possibly  to 
modify,  impulses  coming  to  it,  and  to  discharge  them  through  its 
axone;  and  while  each  cell  body  may  be  regarded  as  a  centre,  it  is 
often  merely  a  midstation,  or  a  relay  station,  for  the  reception  and 
transmission  of  an  impulse.  All  impressions  received  from  the  outside 
world,  as  well  as  those  coming  from  the  structures  of  the  body  itself, 
and  all  impulses  resulting  in  motion,  secretion,  or  other  manifestation 
of  nervous  energy,  must  pass  through  the  cerebrospinal  axis.  These 
may  be  summed  up  as  afferent  and  efferent  impulses.  The  centre 
toward  which  the  afferent  impulses  sweep  onward  in  a  mighty  river 
called  the  fillet,  into  which  many  tributaries  empty,  and  tiie  centre 
from  which  the  efferent  impulses  proceed,  is  the  cerebrum,  made  up 
also  of  neurones.  This  centre  is  for  the  individual  the  centre  of  the 
universe,  where  are  received  his  impressions  of  everything  external 
to  his  body,  as  well  as  of  the  changing  conditions  of  the  body  itself, 
and  from  which  emanate  all  his  voluntary  and  involuntary  acts. 

a.  The  Coarse  of  Sensory  Impulses. 

The  efferent  impulses  conducted  upward  by  the  spinal  cord  fall 
into  two  great  divisions:  (i)  those  of  which  we  are  conscious,  coming 
from  the  peripheral  sense  organs,  general  and  special;  and  (ii)  those 
of  which  we  are  subconscious  or  not  conscious  at  all,  coming  from 
the  internal  structures  of  the  body.  Our  visceral  impulses  are  per- 
ct*ived  only  when  they  are  perverted,  in  which  case  we  are  conscious 
of  discomfort  or  pain.  It  is  likely  that  the  number  of  impulses  of 
which  we  are  not  conscious  vastly  outnumber  those  which  we  perceive. 

{a)  ExPKRiMKNTAL  Pathology  has  been  of  great  assistance  in 
tracing  upward  through  the  cerebrospinal  axis  the  paths  taken  by  the 
sensory  impulses.  Thus,  if  one-half  of  the  spinal  cord  of  a  monkey  is 
severed,  and  a  few  weeks  later  the  animal  is  killed  and  the  cord  stained 
by  Marchi's  method,  certain  fibres  ^^nll  be  found  degenerated  above 
the  section,  and  certain  l)elow.  Evidently  the  former  fibres  are,  accord- 
ing to  the  Wallerian  law,  ascending  and  presumably  sensory,  while  the 
latter  an^  descending  and  presumably  motor.  Not  only  does  experi- 
ment upon  lower  animals  thus  afford  much  knowledge  of  ascending 
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sensory  highways,  but  clinical  pathology  vastly  aids,  though  lesions 
in  the  human  cord  cannot  be  produced  in  definite  location  at  will, 
and  physiologists  and  anatomists  are  obliged  to  wait  patiently  some- 
times for  years  for  opportunities  to  settle  disputed  points. 

(/3)  A  Second  Method  of  investigation  is  that  of  Flechsig,  which  is 
based  on  the  fact  that  different  tracts  acquire  their  medullary  sheaths 
at  different  periods  of  embryonic  life.  As  a  general  law  it  may  be 
affirmed  that  those  tracts  myelinate  first  which  connect  the  spinal  cord 
with  the  peripheral  sense  organs;  then,  those  which  connect  the 
various  segments  of  the  cord;  next,  those  which  connect  the  cord 
with  the  cerebellum;  and  lastly,  those  which  connect  the  cord  with 
the  cerebral  hemispheres.  Thus  sensory  impulses  are  the  first 
experienced,  and  motor  impulses  are  the  last  developed.  Applying 
the  general  law,  proved  many  times,  to  embryonic  life,  sensory 
strands  may  \ye  fairly  accurately  mapped  out,  and  their  function 
determined  with  reasonable  accuracy.  By  these  and  other  methods 
it  has  been  demonstrated  that  in  general  afferent  impulses  enter  the 
cord  through  the  dorsal  roots  and  ascend  through  the  dorsal  and 
lateral  tracts,  while  efferent  impulses  descend  through  the  ventral 
and  lateral  tracts  and  emerge  through  the  ventral  roots. 

The  only  sorts  of  sensory  impulses  carried  upward  by  the  cord  are 
those  of  common  sensation:  tactile,  algesic,  thermal,  and  muscular. 
Of  the  intpulses  from  the  organs  of  special  sense  only  the  auditory  and 
gustatory  fibres  join  the  cerebrospinal  axis;  the  visual  and  olfactory 
impulses  have  paths  of  their  own  to  the  corresponding  cerebral 
centre  for  perception  of  light  and  odor. 

1 .  The  Course  Taken  by  Impulses  of  Temperature  and  Pain, 

which  are  probably  intimately  associated  with  each  other,  is  not  the 
same  as  that  taken  by  the  tactile  and  the  muscular  impulses.  This  is 
proved  by  the  disease  known  as  syringomyelia,  in  which  a  centrally 
developing  neoplasm,  originating  apparently  in  the  substantia 
gelatinosa  centralis,  spreads  radially  so  as  to  involve  the  gray  matter 
only,  ultimately  loses  its  central  portion  by  degeneration  and  absorp- 
tion, and  so  apparently  enlarges  the  embryonic  central  canal.  In  this 
disease  a  cardinal  symptom  is  the  dissociation  of  tactile  sensation 
on  the  one  hand  from  thermal  and  algesic  on  the  other;  touch  always 
remains  approximately  intact,  but  the  ability  to  distinguish  hot  from 
cold  and  to  appreciate  pain  is  lost.  The  inference  is  that  the  fibres 
carrying  impulses  of  pain  and  temperature,  soon  after  entering  the 
V  coni,  pass  into  the  gray  matter  and  there  arborize  about  secondary 
^  neurones.    About  the  latter  much  uncertainty  prevails. 

(a)  Through  the  Gray  Matter. — By  some  their  axones  are  thought 
to  pass  upward  through  the  gray  matter  itself,  and  such  an  inference 
is  not  inconsistent  with  the  pathology  of  sjTingomyelia  and  the 
anatomy  of  the  whole  cerebrospinal  axis,  for  such  fibres  would  lie 
in  an  area  in  the  cord  exactly  analogous  to  the  formatio  reticularis 
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of  the  medulla  and  the  tegmentum  of  the  pons,  in  which  ascending 
sensory  fibres  are  known  to  be  mingled  with  the  gray  matter.  Indeed, 
Rossolimo^  has  collected  fifteen  cases  of  such  dissociation  of  tactile 
and  thermal  sensory  impulses  in  lesions  of  the  medulla  and  pons 
involving  the  aforesaid  areas. 

(b)  The  Lateral  Limiting  Layer. — ^By  others  the  axones,  after  cross- 
ing over  in  the  commissure,  are  thought  to  extend  upward  in  the 
lateral  limiting  layer  (lateral  marginal  zone).  The  axones  are  thought 
to  form  a  series  of  loops  in  the  lateral  column  close  to  the  gray  matter, 
and  to  dip  at  short  intervals  into  it,  there  to  arborize  about  the 
dendrites  or  cell  body  of  the  next  higher  neurone  of  the  series,  its 
axone  forming  a  second  loop,  a  whole  series  of  neurones  arranged  in 
tandem,  thus  sufficing  to  conduct  the  impulses  to  the  fillet. 

(c)  Through  the  Anterior  Oommissure. — By  still  others  these  axones 
are  thought  to  cross  over  through  the  anterior  commissure  to  the 
opposite  side  of  the  cord,  there  to  arborize  about  cell  bodies,  the 
axones  of  which  ascend  in  the  colimtin  of  Gowers,  the  so-called 
anterolateral    ascending   cerebellar   tract.       Such    is   Obersteiner's 

(teaching.  All  are  agreed  that  the  axones  carrying  impulses  of  pain 
and  temperature  decussate  immediately  upon  entering  the  cord. 
The  symptomatology  of  syringomyelia  apparently  favors  the  first  and 
second  \aews. 

The  difficulties  in  determining  the  course  of  algesic  and  thermal 
sensations,  after  they  leave  the  primary  neurones,  are  ahnost,  if  not 
quite,  insurmountable;  hence  the  confusion.  Even  in  peripheral 
nerves  a  lesion  causing  more  or  less  motor  loss  often  produces  only 
transitbrv  sensorv  disturbances.  In  the  higher  links  of  the  chain  it  is 
possible  that  lesions  may  be  at  once  compensated  by  numerous  inter- 
communications, rendering  it  difficult  by  a  single  lesion  entirely  to 
interrupt  the  sensory  path.  There  may  be,  for  example,  the  usual 
highway  for  the  impulses,  and  one  or  more  potential  by-paths,  for  the 
opening  of  which  only  a  slight  reduction  of  the  threshold  value  is 
necevSsary.  Experiments  upon  lower  animals  have  not  materially 
advanced  our  knowledge  in  this  matter,  owing  to  the  impossibility 
of  determining  accurately  the  amount  or  character  of  the  senson 
losses  experienced  by  them.  It  is  known  absolutely,  however,  that 
such  impulses  cross  upon  entrance  to  the  contralateral  side  of  the 
cord,  and  that  they  ascend  to  the  fillet.  They  then  follow  the  mesial 
fillet  to  the  optic  thalamus,  where  they  are  received  by  its  ventro- 
lateral nucleus  (Monakow's  nucleus),  the  axones  from  the  cells  of 
which  further  conduct  the  impulses  to  the  cerebral  cortex,  to  a  centre 
as  yet  unknown,  possibly  lying  in  the  superior  parietal  lobe. 

2.  The  Course  Taken  by  Tactile  Impulses  is  similarly  obscure, 
f     They  are  known  to  pass  at  once,  upon  entering  the  cord,  to  the 

1  Dcutecbe  Z^itschrlfl  fUr  Nenrenbeilkunde.  March,  1903. 
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opposite  side,  but  whether  through  anterior  or  posterior  commissure 
or  both  is  undecided.  Having  reached  the  contralateral  side  of  the 
cord  the  tactile  impulses  doubtless  ascend  in  the  lateral  limiting 
layer  in  large  measure,  though  formerly  a  few  fibres  were  thought 
to  ascend  in  the  ventral  portion  of  the  column  of  GroU,  close  to  the 
posterior  commissure.  Edinger,^  however,  concerning  these  fibres, 
asserts  that  it  is  positively  known  that  the  posterior  columns  do  not 
conduct  tactile  impulses.  Fig.  277  shows  the  decussation  of  the 
fibres  of  pain,  temperature,  and  touch. 

According  to  KoUiker  some  tactile  fibres  follow  a  direct^  course, 
ascending  in  the  lateral  limiting  layer  of  the  same  side.  It  is  extremely 
likely,  however,  that  such  fibres  cross  to  the  opposite  side  at  the 
sensory  decussation  of  the  fillet  in  the  medulla.  All  tactile  fibres, 
therefore,  whether  decussating  immediately  upon  entering  the  cord, 
as  the  great  majority  do,  or  whether  decussating  at  the  sensory 
decussation  of  the  fillet,  eventually  reach  the  contralateral  mesial 
fillet.  From  here  the  axones  proceed  to  the  ventrolateral  nucleus  of 
the  optic  thalamus,  ending  for  the  most  part  by  arborization  about 
the  cells  there  located.  The  dendrites  of  these  cell  bodies  receive 
the  impulses,  conduct  them  through  their  corresponding  axones 
upward  in  the  posterior  limb  of  the  internal  capsule,  through  the 
corona  radiata  to  the  cerebral  cortex,  possibly  in  the  motor  area, 
possibly  in  the  parietal  region. 

3.  The  Ooorse  Taken  by  Musculax  Impulses.— These  impulses 

are  collected  from  the  muscle  mass  by  peculiar  end  organs  to  which 
the  name  of  neuromuscular  bundles  has  been  given,  found  in  all 
striated  muscles,  not  excepting  those  of  the  heart,  and  found  also 
even  in  the  tendons.  From  these  peripheral  sense  organs  the  impulse 
is  carried  along  the  axone-like  dendrite  of  the  dorsal  spinal  ganglion 
cell  to  its  cell  body,  thence  through  its  axone  into  the  spinal  cord, 
where,  in  the  column  of  Burdach,  it  divides  by  a  Y-shaped  division 
into  an  ascending  and  a  descending  arm.  The  descending  arm 
quickly  makes  its  way  into  the  gray  matter  of  the  segments  of  the 
cord  immediately  below,  without  constituting  any  well-defined  tract. 
It  was  formerly  suggested  that  the  comma  column  of  Schultze  might 
represent  an  aggregated  mass  of  such  descending  fibres.  The 
evidence  is  against  such  a  theory,  because  when  the  dorsal  root  is  cut 
between  the  dorsal  ganglion  and  the  cord,  no  degeneration  is  found 
in  the  column  of  Schultze.  This  column  can  be  made  to  degenerate 
only  upon  transverse  section  of  the  spinal  cord.  The  ascending  limb 
of  the  Y-shaped  division  passes  up  the  column  of  Burdach,  and  by 
the  entrance  of  new  fibres  at  higher  levels  is  gradually  forced  over 
into  the  column  of  Goll.    '^Fhus,  such  a  fibre  entering  the  column  of 

>  Loc  cit.,  p.  357. 

*  Fll>m  which  ucend  or  dexcend  upon  the  same  side  of  the  cord  as  that  which  they  enter  Hru 
cftUad  direct. 
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Rurdsch  in  the  lumbar  region  will  be  found  in  the  column  of  Gdl 
in  the  cer\Tc«l  cord. 

Others  of  the  mun  fibres  entering  the  cord  from  the  dorsal  roots 
make  their  wav  among  the  cells  at  the  base  of  tbe  anterior  hom,  or 
among  the  cells  of  the  intermediate  gray  matter  of  Govers,  or 
among  the  cells  of  Clarke's  ^Tsicular  column,  about  all  of  which 
ther  doubtless  arborize.  The  u|^r  destination  of  the  impulses 
ascending  in  the  columns  of  Burdach  and  of  Goll  is  the  cerrbra! 


^IwDuiic  CTTK-icrtioD  (if  ibc  trinal  cord,  -bowlnc  dcKiEMIioo  of  Ibe  BbT«t  of  Uk  p«irrV> 
mow  :  Q.  i:bi>  eni^nn^  Ibe  column*  of  Goll  ■nd  BanJcrb.  ucending  to  ihe  aucleaigricilUiii"! 
nucleus  rQii«alu«  b.  tibm  arborizinK  abDal  tbe  «!!■  d(  Clarke's  Teseular  column;  t.  Ii)n^ 
paa^  10  Ii!<«urr'«  toarEiu*]  bundle;  d.  ribis  utioriiiiif!  mbooi  ibe  cells  of  tbe  pocteriot  bon: 
t.  fibre;  frv>m  ibt  crcnwd  giinimldal  Inrl  arbnrtfltig  abnai  the  cells  oT  Itae  Teunml  bom:  /.  HbK* 
pnveediD^  fnttn  CLjirke^s  nuelem  (o  tbediieet  cerebellar  timet:  fr- agones  rrofu  tbe  motor  cell«  of 
(be  veutnl  born  Ivadiuir  lo  (be  muscles:  k.  librve  from  tbe  direct  pyrmmidal  tract  cmAlnf  A 
the  »nKTi.>rivmtijl<iMre  to  the  opposite  leDlnl  bom.    lADct  Bdlnger.i 

ht'inis[»herv  of  the  Mp|>)<ite  side.  'ITie  upper  tlestination  of  the 
inipnis*'.-;  ininsinituil  co  the  colls  of  Clarke's  column  and  lo  the  (fils 
ill  thf  lia-i'  of  chc  posterior  hom  is  the  cerebellar  hemisphere  ami 
worm  of  tlif  s;init'  side.  Muscular  and  somwsthetic  impulses,  their- 
foiT,  liiivc  o[vit  to  ihfiii  two  pathways — the  cerebral  and  the  cerv- 
W\Ut.     >S.v  V\.  l'7i>.' 

,(i\  The  Cerebral  Pathway,— 'llie  muscular  am)  soniiesthftic 
iuipiilsi's  puss  up  the  axones  of  ihe  dorsal  spinal  ganglion  lelL' 
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through  the  column  of  Bunlach  and  of  Goll.  These  Eixoiies  for  the 
most  part  arborize  about  the  cells  of  the  nucleus  gracih's  and  nucleus 
cuneatus  of  the  same  side,  and  to  these  cells  the  impulses  are  without 
doubt  transmitted.  (See  Fig. 
277.)  The  axones  from  the  cell 
bodies  of  the  nuclei,  known  as 
the  internal  arcuate  fibres,  de- 
cu.ssate  en  masse  in  the  medulla, 
forming  the  sensory  decussation 
or  the  decussation  of  tlie  fillet. 
'ITius  the  impulses  are  trans- 
mitted to  the  opposite  side  of 
the  body,  and  they  then  proceed 
upward  through  the  fibres  of 
the  mesial  fillet  to  the  cell  bodies 
of  the  ventrolateral  nucleus  of 
the  optic  thalamus,  from  which 
they  are  retelegraphed  upward 
through  the  internal  capsule 
and  corona  radiata,  to  the  motor 
area  of  the  cerebral  cortex, 
chiefly  to  the  small  pyramiiial 
cells  according  to  Victor  Horsley. 
It  will  be  observed  that  each 
fibre  destined  for  the  cerebrum 
crosses  from  one  side  of  the 
cerebrospinal  axis  to  the  other. 
This  is  in  accordance  with  the 
general  law  of  decussation  of 
cerebrospinal  fibres,  whether 
ascending  or  descending. 

{b)  Th«  Oflrabelltf  Pathway.— 
The  cerebellum  is  an  organ 
which,  among  other  things,  har- 
monizes and  co-ordinates  mus- 
cular movemenLs.  It  is,  there- 
fore, highly  fitting  for  fibres 
conveying  muscular  impulses  to 
make  their  way  into  the  cerc- 
Itellum.  For  the.se  fibres  no 
law  of  decussation  holds.  'Hie 
impul-ses  from  one  side  of  the 
body  proceed  upward  through 
the  corresponding  side  of  the  cnni  to  the  same  side  of  the  cen'l)ellnm, 
anil  the  tracts  conveying  them  are  called  tlirrrt  on  that  account.  'Hiere 
are  evidently  three  definite  pathways  from  muscles  to  cert.'l>ellimi : 


DUgram  sbuwing  origin  of  Ihe  flilet:  o,  domi 
bre  enurlug  ibe  column  of  BunlKch.  ur«ndlng 
nd  cromtng  Inlo  Ihe  eoluinn  at  Goll,  lo  end  mt 
ie  nueleuB  gnclUf :  b,  fibre  eolerlng  Iha  ralumn 
r  BiirdHCb.  lo  end  at  Ibe  nuclcui  cunnlui;  c, 
iterual  arcuue  tibreg  proceeding  tram  (brw 
uelel  scrota  the  median  line  lo  Ibe  oppodle 
llvl;  d,  Ibe  nUet:  e,  tensorr  Bbrca  arbortzlDB 
xiul  Ihe  cvllB  of  Ihe  ponterlor  bom;  /,  aionea 
roceedliig  rtnm  [b»c  rellB  lo  tbe  oppodle  la(- 
ral  Ilmlllnft  lajer.  i  hence  panlng  (ir|  to  th«  HI1«t. 

Ilet  iiC  the  opposite  »lile.    (Edlnger.l 
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(i)  Certain  of  the  ascending  Y-shaped  fibres  which  pass  up  the 
cohimns  of  Burdach  and  GroU  apparently  do  not  arborize  about  the 
cells  of  the  nucleus  gracilis  or  nucleus  cuneatus,  but  instead  emerge 
from  the  dorsal  part  of  the  medulla  and  proceed  into  the  corpus 
restiforme  of  the  same  side,  and  thence  into  the  cerebellum  under  the 
name  of  the  dorsal  external  arciform  fibres  (fibne  arcuatfe  dorsales 
extemae). 

(ii)  Doubtless  the  largest  mass  of  spinocerebellar  fibres  conveying 
muscular  impulses  passes  up  the  direct  cerebellar  tract.  The  impulses 
enter  through  the  dorsal  root  and  are  conveyed  to  the  cells  of  Clarke's 
vesicular  column,  the  axones  of  which  proceed  outward  through  the 
gray  matter  of  the  cord,  to  form  the  direct  cerebellar  tract,  by  means 
of  which,  therefore,  the  impulses  are  enabled  to  reach  the  vermis 
cerebelli,  especially  its  dorsal  and  proximoventral  portion. 

(hi)  a  small  number  of  fibres,  according  to  some  obsen'ers, 
transmit  muscular  impulses  upward  to  the  cerel^ellum  by  way  of 
the  so-called  anterolateral  ascending  cerebellar  tract  which  lies  in 
the  area  occupied  by  the  milange  of  fibres  known  as  Growers'  tract. 
This  particular  cerebellar  tract  apparently  passes  upward  to  the 
anterior  extremity  of  the  pons,  and  then  proceeds  backward  through 
the  superior  cerebellar  peduncle  beside  the  valve  of  Vieussens,  to  end 
in  the  ventral  and  distal  dorsal  part  of  the  worm  and  the  lateral  lobe 
of  the  cerebellum.  It  has  been  proposed  to  call  the  direct  cerebellar 
tract  the  dorsolateral  direct  cerebellar  tract,  and  that  tract  which 
runs  in  Growers*  tract  the  ventrolateral  direct  cerebellar  tract. 

b.  The  Course  of  Motor  Impulses. 

The  cord  is  a  conductor  of  motor  impulses  from  two  sources,  the 
cerebrum  and  the  cerebellum.  Impulses  from  the  cerebrum  are 
those  concerned  with  voluntary  motion ;  impulses  from  the  cerebellum 
are  those  concerned  with  the  co-onlination  of  various  muscles  in  the 
execution  of  a  voluntary  act.  Each  set  of  impulses  has  a  pathway 
of  its  own. 

1 .  The  Course  Taken  by  Voluntary  Impulses  from  the  Cerebral 

Cortex. — ^These  originate  in  the  large  pyramidal  cells  of  the  motor 
cortex  and  descend  along  their  axones,  from  the  pyTamidal  tracts, 
thn)ugh  tlio  kntH*  and  anterior  two-thirds  of  the  posterior  limb  of  the 
internal  capsule,  through  the  medial  third  of  the  pes  pedunculi  to 
the  ventral  part  of  the  closed  medulla,  where  the  majority  of  the 
fibres  (le<  iissat(N  forming  the  decussation  of  the  pyramids  and  giring 
rise  to  the  crossed  pyramidal  tract  which  descends  to  the  lowerma«?t 
|K)rtion  of  the  spinal  cord.  Such  fibres  as  do  not  decussate  proceed 
tlownward  on  the  same  side  of  the  cord  under  the  name  of  the  direct 
pyramidal  tract.  These  two  sets  of  axones  convey  motor  impulses 
originating  in  tlie  ct»lls  of  the  cerebral  motor  cortex  to  the  motor  celk 
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of  the  anterior  horn,  about  which  they  arborize;  and  these  cells 
retelegraph  the  message  through  their  peripheral  axones  to  the 
particular  muscle  fibres  to  be  stimulated.  The  motor  end  plate, 
familiar  to  the  student  from  histologic  study,  is  the  device  by  which 
nerve  energy  is  converted  into  muscular  action,  and  is  functionally 
precisely  what  a  motor  is  to  an  electric  current — a  transformer  of  one 
sort  of  energy  into  another.    (See  Fig.  278.) 

It  is  but  just  to  state  that  voji  Monakow  is  of  the  opinion  that 
the  pyramidal  tract  cells  do  not  directly  transmit  their  impulses  to 
the  motor  cells  of  the  ventral  horn.  He  believes  that  an  associational 
neurone,  lying  within  the  gray  matter  of  the  cord,  is  intercalated 
between  the  terminal  arborization  of  the  axone  of  the  pyramidal  cell 
and  the  motor  cell  of  the  ventral  horn,  basing  his  belief  upon  the 
absence  of  degeneration  in  the  gray  matter  when  the  pyramidal  fibres 
are  severed.  Most  investigators  deny  this  contention,  and  conceive 
of  the  motor  chain  as  a  two-link  affair,  consisting  of  an  upper  and  of 
a  lower  motor  neurone.  It  is  usually  asserted,  too,  that  the  fibres 
of  the  direct  pyramidal  tract  invariably  decussate  through  the  ventral 
or  white  commissure,  so  that  ultimately  each  and  every  fibre  crosses 
to  the  opposite  side  of  the  cord.  This  is  undoubtedly  not  in  accord- 
ance with  the  fact,  for  it  is  positively  known,  both  from  experimental 
and  clinical  evidence,  that  numerous  uncrossed  fibres  descend  even 
in  the  so-called  crossed  pyramidal  tracts. 

2.  The  Coarse  Taken  by  the  Oo-ordinating  Impulses  from  the 

Oerebelltim. — Concerning  the  course  of  these  fibres  much  confusion 
reigns,  owing  to  the  varjring  results  obtained  by  different  investi- 
gators. There  are  two  distinct  views  as  to  the  pathway  followed  by 
impulses  from  the  cerebellum  to  the  cord. 

(i)  The  older  view  is  that  cerebellar  impulses  make  their  way 
through  what  used  to  be  called  the  anterolateral  descending  cere- 
bellar tract  or  tract  of  Ixiwenthal,  first  mentioned  by  him  in  1886, 
though  first  thoroughly  studied  by  Marchi  in  1891.  Marchi  believed 
that  these  fibres  came  mainly  from  the  vermis,  that  they  passed 
through  the  middle  cerebellar  peduncle  into  the  pons,  and  then  by 
way  of  the  posterior  longitudinal  bundle  and  the  interolivary  layer 
of  fibres  into  the  ventrolateral  column  of  the  cord.  Marchi's  con- 
clusions were  based  upon  descending  degenerations  in  the  cord  after 
removal  of  the  cerebellar  hemisphere.  Ferrier  and  Turner  declared 
that  such  degeneration  took  place  only  when  the  nucleus  of  Deiters 
was  injured;  that  if  the  cerebellar  hemisphere  be  removed  without 
injury  to  the  nucleus  of  Deiters  no  such  degeneration  follows.  On 
the  other  hand,  Biedl  favors  Marchi's  opinion  and  states  that  he  can 
follow  such  a  tract  almost  as  far  as  the  sacTal  end  of  the  cord. 

(ii)  The  second  view,  until  recently  somewhat  in  the  ascendancy, 
regards  the  vestibulospinal  path  as  the  one  down  which  impulses 
pass  from  cerebellum  to  cord.     The  axones  from  this  tract  issue 


664 


SPECIAL  PHYSIOLOGY 


Fig.  278 


Diagram  showing  the  probable  relations  of  some  of  the  principal  cells  of  the  cerebrospinAl 
system  to  one  another:    1,  a  cell  of  the  cortex  cerebri;  2,  its  axis  cylinder  or  nerve  proceaspw- 
ing  down  in  the  pyramidal  tract  and  ^ving  off  collaterals,  some  of  which.  3,  3,  end  In  arbotla- 
tions  around  cells  of  the  anterior  honi  of  the  spinal  cord,  the  main  fibre  having  a  similar  eiMluig 
at4;  CO//.,  a  collateral  passing  to  the  corpus  callofium;  «<r.,  another  passing  to  the  corpoastriatam; 
5,  axis-cylinder  proce^  of  anterior  comu  cell  passing  to  form  a  terminal  arborization  in  the  end 
plate  of  a  muscle  6bre,  m;  6,  a  cell  of  one  of  the  spinal  ganglia.  Its  axis-cylinder  process  Hdircates, 
and  one  branch,  7,  passes  to  the  periphery  to  end  in  an  arborization  in  the  sensory  surface,  f.  Tbe 
other  (central)  branch  bifurcates  after  entering  the  cord  (at  8),  and  its  divisions  ijass  upward  and 
downward  (the  latter  for  a  short  distance  only);  9,  ending  of  the  descending  branch  in  a  ter- 
minal arborization  around  a  cell  of  the  posterior  horn,  the  axis-cylinder  process  of  which, agthi. 
ends  in  a  similar  arborization  around  a  cell  of  the  anterior  horn,  10,  a  collateral  passing  from  the 
ascending  division  directly  to  envelop  a  cell  of  the  anterior  horn;  11,  one  passing  to  envelop  a 
cell  of  Clarke's  column;  12,  a  collateral  having  connections  like  those  of  9;  13,  ending  of  tl)e 
ascending  division  of  the  posterior  root-fibre  around  one  of  the  cells  of  the  posterior  columns  of 
the  bulb  or  medulla  oblongata;  14, 14.  axis-cylinder  processes  of  cells  of  the  posterior  bom  paas- 
ing  to  form  an  arborization  around  the  motor  cells;  15,  a  fibre  of  the  ascending  cerebellar  tiact 
passing  up  to  form  an  arborization  around  a  cell  of  the  cerebellum;  16,  axis-cylinder  proceis  of 
this  cell  passing  down  the  bulb  and  cord,  and  giving  ofi"  collaterals  to  envelop  the  celb  of  tbe 
anterior  horn;  17,  axis-cylinder  process  of  one  of  the  cells  of  the  posterior  column  of  tbe  iMilb 
passing  as  a  fibre  of  the  fillet  to  the  cerebrum,  and  forming  a  terminal  arborization  around  one 
of  the  smaller  cerebral  cells;  18,  axis  cylinder  process  of  this  cell,  forming  an  arborization 
around  the  pyramid  cell,  1.    (Schafer.) 
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from  the  cells  of  the  nucleus  vestibuH  lateralis  or  Deiters'  nucleus, 
and  possibly  from  Bechterew's  nucleus  also.  They  then  proceed 
down  the  cord,  where  they  may  be  traced  in  the  ventrolateral  column, 
just  ventral  to  the  ventral  horn.  They  have  been  traced  into  the 
gray  matter,  where  they  have  been  seen  to  arborize  about  the  cells 
of  the  anterior  horn. 

(hi)  Both  views  are  beautifully  harmonized  by  Thomas,  of  Paris, 
who  agrees  with  Biedl  in  some  respects,  and  differs  in  others.  He 
places  the  origin  of  the  cerebellospinal  fibres  in  the  cells  of  the  corpus 
dentatum  cerebelli,  and  says  that  their  axones  pass  down  through 
both  Bechterew's  and  Deiters'  nuclei,  and  thence  by  way  of  the 
formatio  reticularis  to  the  ventrolateral  column  of  the  cord,  to  end 
by  arborizing  about  the  cells  of  the  ventral  horn,  to  which  they  deliver 
their  impulses  of  co-ordination.  Thomas  has  further  found  that  if, 
along  with  the  corpus  dentatum,  the  nuclei  of  Bechterew  and  of 
Deiters  are  injured,  the  descending  degeneration  is  more  extensive. 
Thus  both  views  are  reconciled.  The  judgment  of  the  writer  is  that 
this  pathway  is  essentially  the  one  taken  by  the  cerebellospinal 
impulses. 

c.  Pathologic  Physiology  of  the  Cord.   \\  S 

To  Growers  we  owe  the  exceedingly  great  service  of  clearly  form- 
ulating the  effects  of  lesions  upon  the  upper  and  lower  motor 
neurones.  Disease  or  destruction  of  the  lower  motor  neurone  causes 
flaccid  paralysis,  absence  of  the  tendinous  reflexes,  atrophy  of  the 
paralyzed  muscles,  and  electric  reactions  of  degeneration.  Disease 
or  destruction  of  the  upper  motor  neurone  produces  spastic  paralysis, 
exaggeration  of  the  tendinous  reflexes,  no  atrophy  of  the  paralyzed 
muscles,  and  no  electric  reactions  of  degeneration. 

To  Brown-S^quard  is  due  the  enunciation  of  the  clear-cut  symptom- 
atology produced  by  a  transverse  lesion  through  one-half  of  the 
spinal  cord.  Since  the  crossed  pyramidal  tract  is  cut  there  is  complete 
paralysis  on  the  same  side  below  the  lesion.  Since  the  direct  pyramidal 
tract  is  cut  there  is  usually  a  slight  paralysis  on  the  opposite  side 
below  the  lesion,  because  fibres  which  are  about  to  cross  to  the 
opposite  side  through  the  white  commissure  are  cut  off.  Since  a 
few  motor  cells  of  the  anterior  horn  are  cut,  theoretically  there  should 
be  atrophy  of  the  particular  muscle  fibres  supplied  by  them;  but 
clinically  such  atrophy  can  seldom  be  detected  l>ecause  of  its  limited 
extent. 

The  sensory  losses  are  very  interesting.  Since  the  lateral  limiting 
layer  and  Gowers'  tract  are  both  severed,  impulses  of  touch,  temper- 
ature, and  pain,  which  have  entered  the  cord  on  the  opposite  side, 
ore  entirely  cut  off;  therefore,  there  is  tactile  amesthesia,  thermies- 
thesia,  and  analgesia  on  the  whole  surface  of  the  body  l)elow  and  on 
the  side  opposite  the  lesion.    Moreover,  the  sensory  roots  which  enter 
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the  cord  at  the  site  of  the  lesion  are  destroyed ;  hence,  there  is  upoD 
the  same  side  of  the  body  a  narrow  band  of  tactile  aneesthesia.tbenn- 
scsthesia,  and  analgesia  at  the  exact  level  of  the  lesion.  Furtbe^ 
more,  the  sensory  roots  which  enter  the  cord  just  above  and  just 
below  the  lesion  are  thereby  put  into  a  state  of  hypeTirrital«Iity,  so 
that  both  above  and  below  this 
^^'  *™  narrow  band  are  similar  Dantiw 

bands  of  hypersesthesia,  hi-per- 
thermsesthesia,  and  hyperalgesa. 
A  similar  hypersensiti\'e  hand  b 
for  the  same  reason  found  abovf 
the  level  of  total  anE»thesia  on 
the  side  of  the  body  opposite  Ute 
lesion.  A  study  of  Pig,  279  wiD 
make  these  points  clear.  A  fiu^ 
tber  sensory  symptom  remains. 
Impulses  of  muscular  sense  vefe 
descnbed  as  ascending  on  the 
same  side  of  the  cord  as  thai 
which  they  enter.  Since  these 
impulses  will  be  cut  off  byhemi- 
section  of  the  cord,  there  will  be 
complete  absence  of  the  muscu- 
lar and  somsestlietic  sense  on  (be 
same  side  as  the  lesion  and  bdow 
it.  In  brief,  therefore,  there  are 
the  following  symptoms:  {a)  par- 
alysis of  all  muscles  on  the  same 
.side,  below  the  lesion;  (i)  loss  of  the  muscular  and  soma-sthetic  sense 
on  the  same  .side,  l)elow  the  lesion ;  (c)  loss  of  the  tactile,  thermic,  and 
algesic  senses  on  the  opposite  side,  l>clow  the  lesion;  (rf)  a  narrow 
band  of  uniesthcsia,  thermEcsthesia.  and  analgesia  on  the  same  side, 
at  the  exact  level  of  the  lesion ;  (e)  narrow  bands  of  increased  irrita- 
bility, iKith  alxive  and  Ih'Iow  {d);  (/)  a  narrow  band  of  increa'fcii 
irritability  aliovc  the  level  of  complete  aiiiesthesia,  on  the  side  oppoale 
the  Icsiun. 


,  THE  SPINAL  CORD  AS  A  REFLEX  OEHTBE. 


lly  virtue  of  its  conductive  function,  which  is  differentiated  in 
deftree  only  fniin  that  of  peripheral  nerves,  the  spinal  cord  possesses 
anutluT  function  distinctive  in  itself.  A  .sensory  impulse  entering 
tlic  corii  !>y  the  axone  of  a  dorsal  spinal  ganglion  cell,  instead  of 
ascending  to  the  cerebral  cortex  and  l>ccoming  an  element  of  con- 
sciousnos.-i,  may  1k'  <'onducted  dittx-tly  or  by  collaterals  lo  the  motor 
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cells  of  the  anterior  hom.  This  is  a  short  circuit  and  forms  the  path 
taken  by  those  subconscious  sensations  which  arouse  invohnitary 
muscular  contraction,  giving  us  the  phenomenon  called  reflex  action. 
In  some  conditions  of  disease  and  in  certain  forms  of  intoxication 
every  voluntary  muscle  of  the  body  may  be  made  to  contract  reflexly, 
while  in  other  diseased  conditions  and  intoxications  reflex  action 
may  be  diminished  or  entirely  lost. 

a.  Reflex  Action. 

!•  General  Oonaiderations. — ^The  mere  presence  of  reflex  action 
is  indicative  of  the  fact  that  the  motor  and  sensory  terminal  neurones 
with  their  collateral  branches  of  communication  are  intact.  liOss  of 
reflexes  implies  an  interruption  to  this  circuit,  called  the  reflex  arc. 
And  as  the  arc  is  composed  of  a  sensory  neurone  and  a  motor  neurone, 
with  or  without  the  intercalation  of  an  associational  neurone,  the 
lesion  may  be  located  in  any  one  of  the  two  or  three  neurones,  or  in 
any  of  their  conducting  parts,  axones,  collaterals,  or  dendrites.  If 
there  be  a  lesion  of  the  motor  arm  of  the  reflex  arc,  not  only  is  reflex 
action  lost,  but  also  voluntary  action,  and  complete  motor  paralysis 
is  present  in  the  part.  If  reflex  action  alone  is  lost,  while  voluntary 
action  is  possible,  the  lesion  must  be  in  the  sensory  arm  of  the  reflex 
arc.    In  the  latter  case  other  sensory  disturbances  are  to  be  looked  for. 

Reflex  action  constitutes  in  its  varied  forms  a  most  important 
part  of  the  life  of  every  animal.  In  the  lowest  organisms  it  is  of 
paramount  value,  the  relations  existing  l)etween  stimuli  received 
from  the  environment  and  the  reactions  thereto  on  the  part  of  the 
animal  making  up  the  sum  of  its  existence.  Ascending  the  scale 
of  development,  reflex  actions  multiply  in  numl)er  and  diversity,  and 
there  is  gradually  evolved  an  additional  higher  form  of  nerve  centre 
than  that  concerned  in  reflex  action,  one  which  provides  for  the 
storing  up  of  impressions,  for  comparisons  between  them,  and  for 
all  the  phenomena  of  psychic  activity.  Instinct  must  \ye  looked  upon 
as  more  or  less  complicated  reflex  action,  and  is  men»ly  the  physio- 
logic expression  of  inherited  mutual  relationships  lx»twecn  certain 
sensory  and  certain  motor  groups  of  neurones.  Instinctive  move- 
ments are  invariably  reflex  ones,  and  hence  are  executed  before  the 
necessity  for  them  is  appreciated  by  the  higher  cerebral  centres. 

In  the  presence  of  these  more  highly  developed  ceR*bral  centrc\s, 
the  subsidiary  centres  of  reflex  action  have  not  lx»coine  less  important 
for  the  life  of  the  individual,  even  if  somewhat  overshadowi»<l.  In 
human  physiology  we  find  reflex  action  forming  the -basis  of  the 
vegetative  functions,  so-called,  and  so  well  devt»i()(K»(l,  indeed,  that 
in  the  absence  or  loss  of  the  higher  psychic  centres,  lift*  is  still  con- 
tinued by  reason  of  the  activity  of  the  reflex  c(»ntn\s  in  the  medulla 
spinalis  and  oblongata.      Under  the  chapters  on  Htvspiration  and 


668  SPECIAL  PHYSIOLOGY 

Circulation  (q.  v.)  it  will  be  found  that  these  vital  functions  depend 
on  the  condition  of  aeration  of  the  blood.  ITiat  provides  the  stimulus 
to  the  respiratory  and  circulatory  centres  in  the  medulla;  and  by 
reflex  action,  resulting  in  the  necessary  contraction  and  relaxation  of 
the  muscles  of  the  chest  walls  and  the  heart,  these  phenomena  recur 
in  a  continuous  succession  of  cycles,  so  that  life  is  prolonged. 

2.  Purposeful  Ohaxacter  of  Reflex  Action.— In  observing  results 

of  experiments  on  animals  the  purposeful  character  of  the  reflexes  is 
striking.  This  purposeful  character  is  not  due  to  mental  deliberation 
and  consequent  well-directed  action,  but  is  due  to  the  inheritance  of 
definite  anatomic  pathways  from  sensory  to  motor  neurones.  An 
excellent  example  of  such  purposeful  movements,  in  which  possibility 
of  cerebral  action  is  excluded,  is  seen  in  the  protective  movements 
of  pithed  or  decapitated  frogs.  If  a  drop  of  dilute  acid  be  applied 
to  the  skin  of  such  a  frog,  it  strives  to  get  rid  of  the  offending  body 
and  it  generally  succeeds.  Thus  when  a  drop  of  acid  is  placed  on 
the  right  flank  of  a  brainless  frog,  the  right  foot  is  almost  invariably 
used  to  rub  off  the  acid.  If  the  right  foot  be  cut  oflt  or  odierwise 
hindered  from  rubbing  off  the  acid  the  left  foot  is,  under  exceptional 
circumstances,  used  for  this  purpose.  This  at  first  sight  appears 
like  an  intelligent  choice;  indeed,  so  purposeful  are  these  acts  and 
the  actions  of  groups  of  muscles  so  adjusted  to  perform  a  particular 
act  that  Pfluger  long  ago  regarded  them  as  directed  by  and  due  to 
consciousness  of  the  spinal  cord.  If  many  instances  occurred  where 
evidences  of  a  variable  automatism  which  we  call  volition  were 
manifested  bv  the  cord,  we  should  be  led  to  believe  that  the  choice 
was  determined  by  an  intelligence.  But,  as  has  l^een  abundantly 
observed,  a  frog  in  which  the  brain  has  been  removed,  ha\ing  only 
the  spinal  cord,  makes  no  spontaneous  movement. 

Similar  reflex  movements  are  observed  in  mammals,  though  not 
to  such  an  extent  as  in  frogs.  In  dogs  in  which  partial  removal  of 
the  cerebral  hemispheres  has  apparently  heightened  the  reflex  excit- 
ability of  the  spinal  conl,  the  remarkable  scratching  movements  of 
the  hind  leg  which  are  called  forth  by  stimulating  a  particular  spot 
on  the  loins  or  the  side  of  the  Ixxly  are  exerted  by  the  leg  of  the 
(>p|x^site  side  if  the  leg  of  the  same  side  be  gently  held.  In  this  case 
the  vicarious  movements  are  ineffectual,  the  leg  not  being,  as  in  the 
<{tso  of  the  frog,  crosseii  over  so  as  to  bear  on  the  spot  stimulate*], 
and  this,  theR^fort\  cannot  be  considered  as  an  act  of  wholly  purposeful 
eharaetor. 

:i  The  Mechanical  Ghaxacter  of  Reflex  Action.— The  majority 

of  simple  Reflexes  art^  mechanical  rather  than  facultative,  even  thougli 
thev  stHin  to  Ix^  the  latter.  For  example,  if  a  flame  lie  applie<I  to  the 
si<le  or  i>art  of  the  Ixxlv  of  an  eel,  the  Ixxlv  is  moved  awav  from  the 
flame.  Sudi  a  reflex  movement  is  apparently  purposeful.  If  the 
IhhIv  of  a  dt^*apitateil  snake  is  brought  into  contact  at  several  places 
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with  an  arm  or  stick,  complex  reflex  movements  are  excited,  the 
eflFect  of  which  is  to  twine  the  body  around  the  object;  and  this  reflex 
seems  purposeful  rather  than  mechanical.  Yet  a  decapitated  snake 
will,  with  fatal  readiness,  twine  itself  around  a  red-hot  iron. 

4.  Summation  of  Stimuli. — In  all  reflex  movements,  whether  of  a 
simple  or  complex  nature,  the  response  is  in  proportion  to  the  strength 
and  nature  of  the  stimulus;  that  is,  the  afferent  impulse.  A  single 
weak  stimulus,  moreover,  which  in  itself  is  incapable  of  discharging 
a  reflex  act,  may  if  repeated  sufficiently  often  bring  about  such  a 
discharge.  The  single  stimuli  are  apparently  added  together  until 
an  amount  is  reached  sufficient  to  excite  the  reflex  act.  ^Fhe  process 
of  summation  doubtless  takes  place  in  the  cord.  ITiis  law  possibly  is 
exemplified  in  Jacksonian  epilepsy,  where  a  particular  area  of  the 
motor  cortex  under  irritation,  gradually  sums  up  its  irritating  stimuli 
until  the  motor  discharge  or  convulsion  takes  place.  It  is  believed 
by  some  to  be  extremely  probable  that  all  reflex  acts  are  due  to 
the  reception  and  addition  of  repeated  impulses  on  the  part  of  the 
nerve  centres. 

5.  The  Time  Required  for  Reflex  Actions. — In  the  frog,  deducting 
the  time  taken  in  the  transmission  of  impulses  along  nerves,  the  time 
consumed  in  the  cord  (reflex  time)  varies  from  0.008  to  0.015  second; 
if  the  reflex  crosses  to  the  other  side  it  is  one-third  longer.  It  is 
lessened  by  heat,  and  by  the  influence  of  a  strong  stimulus.  The 
rate  of  transmission  in  the  peripheral  nerves  is  approximately  90 
feet  per  second. 

6.  Inhibition  of  Reflexes. — Within  the  body  there  are  mechanisms 
which  can  suppress  or  inhibit  the  discharge  of  reflexes,  and  they  may 
therefore  be  termed  mechanisms  of  inhibition. 

(a)  Voliintary  Inhibition. — ^The  observations  of  every-day  life  teach 
that  reflex  acts  can  be  inhibited  to  a  certain  extent  by  action  of  the 
will.  The  eyelids  may  be  kept  open  when  the  eyeball  is  touched; 
movement  of  a  part  may  l)e  arrested  when  the  skin  is  tickled.  If, 
however,  the  stimulus  he  strong  and  is  repeated  with  sufficient 
frequency,  the  reflex  impulse  ultimately  overcomes  the  voluntary 
effort.  Inhibitory  acts  are  not  all  similar  in  character;  for  example, 
when  we  voluntarily  stop  the  muscular  acts  which  result  from  tickling 
the  sole  of  the  foot,  we  achieve  this  by  throwing  into  action  an  oppos- 
ing group  of  muscles,  but  it  is  doubtful  whether  inhibition  is  to  Ik? 
wholly  explained  as  a  matter  of  muscular  antagonism.  When  the 
bnun  of  a  frog  is  removed  and  the  effects  of  a  shock  have  passt»d 
off  the  reflex  excitability  of  the  animal  is  found  to  l)e  increased. 
This  suggests  the  idea  that  in  the  intact  nervous  system  the  brain 
is  exerting  some  inhibitory  influence  on  reflex  actions.  If  a  frog 
from  which  the  cerebral  hemispheres  have  lH»en  removed  (the  optic 
lobes,  bulb,  and  spinal  cord  l)eing  left  intact)  \w  tested  by  appljing 
a  drop  of  acid  on  its  skin,  it  will  be  found  that  the  reflex  excitability 
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IS  increased.  If,  however,  the  optic  lobes  be  stimulated  by  applying 
a  crystal  of  salt  the  reflex  acts  are  prolonged  or  suppressed.  Similar 
results  may  be  obtained  by  stimulating  in  mammals  the  corpora 
quadrigemina,  which  bodies  are  analogous  to  the  optic  lobes  of 
frogs. 

(h)  Beyond  Voluntary  Inhibition  are  those  reflex  movements  which 
cannot  at  any  time  be  perfonned  voluntarily.  Thus  erection,  ejacula- 
tion, parturition,  and  the  movements  of  the  iris  are  neither  direct 
voluntary  acts,  nor  can  they,  when  they  are  excited  reflexly,  be 
suppressed  at  will.  It  is  true,  however,  that  some  nen'ous  centres 
such  as  the  respiratory  may  be,  to  a  certain  extent,  under  the  control 
of  the  will.  Thus  we  can  hold  our  breath  or  completely  inhibit 
respiration  for  a  time,  or  we  can  increase  our  respiratory  rate  at  will; 
•  yet  we  do  not  have  the  absolute  power  of  voluntary  inhibition.  No 
one  can  commit  suicide  by  voluntarily  inhibiting  respiration.  In  the 
same  manner  the  micturition  centre  may  for  a  long  time  be  success- 
fully inhibited,  but  not  indefinitely.  A  time  comes  when  the  centre 
is  beyond  voluntary  inhibition. 

(c)  Unconscious  Oerebral  Inhibition  is  a  prominent  feature  of  reflex 
action.  Strong  stimulation  of  a  sensory  nerve  inhibits  reflex  move- 
ments. If  the  toes  of  one  foot  of  a  frog  are  dipped  into  dilute  sulphuric 
acid  at  a  time  when  the  sciatic  of  the  other  leg  is  being  powerfully 
stimulated  \vith  an  interrupted  current,  the  period  of  incubation  of 
the  reflex  act  will  be  found  to  be  much  prolonged  and  in  some  cases 
the  reflex  withdrawal  of  the  foot  will  not  take  place  at  all;  and  this 
holds  good  not  only  in  the  complete  absence  of  the  optic  lobes  and 
bulb,  but  also  when  a  portion  of  the  spinal  cord,  sufficient  to  carry 
out  the  reflex  action  in  the  usual  way,  is  left  intact.  Endently  the 
brain  is  constantly  exerting  an  inhibitory  action  over  spinal  reflexes, 
and,  being  in  this  experiment  wholly  absorbed  in  the  perception  of 
painful  sensory  impulses  from  one  territory,  neglects  to  lift  the 
barrier  of  inhibition  as  it  customarily  does. 

7.  Types  of  Reflexes. — Reflex  movements  may  be  divide<l  into 
the  three  following  groups :  (a)  simple  or  partial  reflexes;  (6)  extensive 
inco-ordinated  reflexes  or  reflex  spasms;  (c)  extensive  co-onlinated 
reflexes. 

(a)  The  Simple  or  Partial  Reflexes  are  characterized  by  the  fact  that 
stimulation  of  a  sensory  area  discharges  movements  in  one  muscle 
only,  or  at  lea.st  in  one  limited  group  of  muscles — e,  gr.,  contact  wth 
the  con jnnetiva  causes  closure  of  the  eyelids. 

{}))  The  Extensive  Inco-ordinated  Reflexes  or  Reflex  Spasms. — ^Tliese 
movements  occur  in  the  form  of  clonic  or  tetanic  contraction  in 
individual  muscles,  or  all  of  the  muscles  of  the  Ixwlv  mav  be  ira- 
plicated. 

Causes. — A  reflex  spasm  depends  upon  a  double  cause:  (1)  The 
gray  matter  of  the  spinal  cord  may  be  in  a  condition  of  exalted 
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excitability  so  that  the  nervous  impulse,  after  having  reached  the 
centre,  is  easily  transferred  to  the  neighboring  centres.  This  excessive 
excitability  is  produced  by  certain  poisons,  more  especially  by 
strychnin^,  brucine,  caffeine,  atropine,  nicotine,  carbolic  acid,  tetanin. 
The  slightest  touch  applied  to  an  animal  poisoned  with  strychnine 
is  sufficient  to  throw  the  animal  at  once  into  spasms.  Pathologic 
conditions  may  cause  similar  results,  as  in  hydrophobia  and  tetanus. 

(2)  Extensive  reflex  movements  may  also  take  place  when  the 
discharging  stimulus  is  very  strong.  For  example,  this  condition 
occurs  in  man  when  in  great  pain;  thus,  intensive  neuralgia  may  be 
accompanied  by  extensive  spasmodic  movement — ^tic  douloureux. 

(c)  Extensive  Ck>-ordiiiated  Reflexes  are  due  to  stimulation  of  a 
sensory  nerve  causing  the  discharge  of  complicated  reflex  movements, 
in  whole  groups  of  different  muscles,  the  movements  being  orderly, 
co-ordinated,  and  far-reaching.  An  excellent  example  of  such  a 
reflex  is  seen  in  the  purposeful  reflex  of  a  decapitated  frog  already 
mentioned.  If  such  movements  were  not  co-ordinated  they  would 
be  irregular  and  ineffectual.  There  is  reason  to  believe  that  this 
co-ordination  in  the  movements  of  voluntary  muscles  takes  place  in 
the  part  of  the  spinal  cord  which  carries  out  the  movement,  and  not 
in  the  cerebral  hemispheres,  though  under  normal  conditions  the 
latter  may  be  conscious  of  the  whole  movement,  including  its  co-ordi- 
nation. Such  extensive  co-ordinated  reflexes  mav  occur  in  man 
during  sleep,  or  they  may  occur  pathologically  as  in  epilepsy  and 
hysteria.  Such  reflexes  are  more  easily  and  completely  discharged 
when  the  end  organ  of  the  sensory  nerve  is  stimulated  than  when  the 
nerve  trunk  itself  is  irritated;  for  example,  gently  tickling  the  skin  of 
the  sole  of  the  foot  brings  out  a  greater  amount  of  reflex  activity  than 
stimulation  of  the  trunk  of  the  internal  plantar  nerve. 

h.  The  Reflexes. 

ITie  reflexes  are  customarily  divided  into  the  superficial  or  cuta- 
neous, the  deep  or  tendinous,  and  the  organic  or  visceral  rc^flexes. 

1.  Superficial  Reflexes.— («)  Plantar;  elicited  by  staking  or 
scratching  the  sole  of  the  foot,  which  causes  attempts  to  withdraw 
the  foot  from  the  source  of  irritation. 

(/9)  Gluteal;  a  contraction  of  the  gluteal  muscles  en  masse  when 
the  buttock  is  gently  prickinl  or  scratched. 

{y)  Cremasteric;  when  the  thigh  is  irritated  on  its  inner  surface 
by  grasping,  stroking,  st^ratching,  etc.,  the  homolateral  testicle  is 
distinctly  elevated. 

{ii)  Erectile  Reflex  of  Penis;  pnxhiced  l>y  gt»ntlc  friction  of 
the  glans  penis,  esjK*cially  of  the  fnenuin,  resulting  in  turgiclity  of 
the  organ  and  erection.  Its  analogue  in  the  female  jHTtains  to  the 
erection  of  the  clitoris. 
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(e)  Abdominal;  consisting  of  a  retraction  of  the  anterior  abdominal 
walls  when  the  skin  is  slightly  irritated. 

(c)  Laryngeal;  irritation  of  the  lining  of  the  larynx,  trachea,  or 
bronchi  produces  coughing. 

(3;)  Pharyngeal;  attempts  to  extrude  contents  of  the  pharynx, 
even  to  the  point  of  vomiting,  when  the  fauces  or  lining  of  the  pharynx 
is  stimulated. 

{0)  Nasal;  causing  sneezing  when  the  nasal  mucous  membrane 
is  irritated. 

(c)  Conjunctival;  closure  of  the  eyelid  when  anything  foreign 
touches  the  conjunctiva  or  the  eyelashes. 

Pathologic  OataneonB  Reflex. — Babinski's  toe  phenomenon  is  oh- 
tained  by  gently  stroking  the  outer  portion  of  the  sole  ^ith  the 
point  of  a  lead-pencil  or  stylus;  the  reflex  is  manifested  by  the  exten- 
sion of  the  great  toe.  When  present  it  is  a  sign  of  exceedingly  great 
value  to  the  clinician,  for  its  presence  signifies  disease  of  the  p\Tanii(ial 
tracts,  or  of  the  upper  motor  neurone. 

2.  Deep  Reflexes. — (a)  Tendo  Achilus  Reflex. — If  the  patient 
kneels  upon  a  chair,  facing  its  back,  allowing  his  feet  to  hang  o^^er 
the  edge  of  the  seat,  a  tap  upon  the  tendo  Achillis  will  cause  con- 
traction of  the  soleus  muscle,*  and  the  heel  will  be  jerked  up.  Tester! 
in  this  manner  the  reflex  is  invariably  present  in  health.  In  diseases 
causing  disappearance  of  the  patellar  reflex,  the  tendo  Achillis  also 
disappears. 

(/9)  Patellar  Reflex  (Knee-jerk). — When  the  thigh  is  supported 
l)y  the  hand  or  is  crossed  over  the  other  thigh,  and  the  leg  is  fle.wl 
at  the  knee,  thus  securing  relaxation  of  the  quadriceps  extensor,  a 
tap  on  the  tendon  just  below  the  patella  causes  the  leg  to  be  suddenly 
extended.  This  reflex  is  normally  present,  but  its  exaggeration  and 
its  loss  are  both  indicative  of  disease. 

{y)  Triceps  Reflex  (Elbow-jerk). — ^This  is  analogous  to  the  knee- 
jerk  and  is  elicited  by  supporting  the  arm  over  the  back  of  a  chair, 
the  forearm  Ix^ing  flexeil,  and  then  by  tapping  the  triceps  tendon  just 
above  the  olecranon.  In  health  it  is  usually  present.  Its  exaggeration 
or  its  absence  may  Ik*  indicative  of  disease. 

(ft)  Biceps  Reflex. — If  the  flexed  forearm  he  supported  at  the 
elbow,  the  wrist  slightly  flexed  and  also  supported,  tapping  on  the 
tendon  of  the  biceps  sometimes  causes  contraction  of  the  musc*le. 

(s)  ScAPrLOHUMERAL  Reflex. — If  the  scapula  l)e  sharply  tappetl 
at  the  junction  of  the  spine  and  the  vertebral  border,  or  at  its  inferior 
allele,  -{in  extensive  movement  of  shoulder  and  arm  with  slight 
external  rotation  of  the  latter  sometimes  takes  place. 

(;)  Infeuiou  Maxillary  Reflex. — If  the  mouth  be  partly 
opened  and  a  flat  instrument  or  a  lead-pencil  resting  upon  the  lower 

1  According  (o  S,  Weir  Mitchell,  th?  gastrocDemiiis  takes  no  part  in  this  reflex. 
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teeth  be  tapped,  occasionally  the  lower  jaw  is  slightly  and  sharply 
raised  by  a  reflex  movement. 

Pathologic  Reflexes,  (a)  Anklk  Clonus. — If  the  half-extended  leg 
be  somewhat  supported  at  the  knee,  and  the  ball  of  the  foot  be 
suddenly  pressed  up,  putting  the  tendo  Achillis  on  a  stretch,  in 
certain  instances  there  results  a  series  of  clonic  contractions  of  the 
calf  muscles  with  consequent  alternate  extension  and  flexion  of  the 
foot,  which  continues  as  long  as  pressure  is  maintained  on  the  ball 
of  the  foot  and  ceases  as  soon  as  the  foot  is  released  from  pressure. 
It  is  never  present  in  health,  and  indicates  involvement  of  the  pyr- 
amidal tracts.  It  is  a  very  reliable  clinical  sign  when  present,  but 
does  not  occur  nearly  so  frequently  as  the  Babinski  toe  phenomenon 
of  similar  import. 

(/9)  Patellar  Clonis. — In  conditions  of  exaggerated  knee-jerk,  if 
the  forefinger  l)e  applied  above  the  patella  and  the  latter  pressed  Aovfxi 
^ith  a  sudden  movement,  sometimes  a  clonic  contraction  of  the 
quadriceps  occurs  and  the  patella  is  alternately  raised  and  lowered. 

3.  Organic  Reflexes. — Under  this  head  are  included  many  of  the 
functions  of  different  organs  of  the  lx)dy,  on  which  the  well-l)eing  of 
the  organism  as  a  whole  depends,  some  of  them  indeed  being  of 
vital  importance.  Like  the  superficial  and  deep  reflexes  they  are 
expressed  by  muscular  activity,  Init  unlike  them  usually  the  synergic 
function  of  several  groups  of  muscles  is  required  for  their  execution. 

(a)  Reflexes  of  the  Alimentary  Tract.  («)  Sucking. — \Vhen  the 
mother's  nipple  is  placed  in  the  mouth  of  a  newlwrn  infant  and  a 
few  drops  of  colostrum  tasted  by  it,  there  ensues  a  form  of  peristaltic, 
vacuum-producing  movement  of  the  tongue  and  lips,  which  is  reflex 
in  nature. 

(/})  Deglutition. — The  presence  of  food  in  the  back  part  of 
the  mouth  and  in  the  pharynx  brings  on  successive  dilatations  and 
contractions  in  the  si»gments  of  the  cevsophagus  from  above  down- 
wanl,  constituting  the  act  of  swallowing.  Only  the  initial  part  of 
this  act  is  under  voluntary  control.    The  rest  is  purely  reflex. 

iy)  Gastric  Movements. — Thesi*  are  induced  by  the  presence 
of  food  in  the  stomach,  and,  as  is  well  known,  serve  as  an  important 
factor  in  gastric  digestion.  Closely  associated  with  them  and  yet 
distinct  from  them  is  the: 

{(i)  Pyix)ric  Reflex,  by  virtue  of  which  the  contents  of  the 
stomach  are  retained  until  gastric  (ligt\stion  is  complete.  It  consists 
of  a  firm  contraction  of  annular  musc*le  fibres,  and  of  a  subsequent 
relaxation  of  these  fibres,  j)er!nitting  the  stomach  contents  to  pass 
into  the  duoilenum. 

(e)  Intestinal  Movements. — These  an»  perhaps  not  to  be  dis- 
associated from  those  of  the  stomach,  which  they  resemble.  They, 
too,  are  similarly  caused  by  the  presence  in  them  of  ingested 
food. 

43 
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Whether  a  separate  reflex  act,  or  accomplished  by  the  aid  o{ 
duodenal  peristalsis,  the  emptying  of  bile  from  the  gall-bladder  into 
the  bowel  is  probably  reflex.  The  presence  of  muscle  fibres  in  its 
walls  would  point  to  this. 

(c)  Defecation. — ^While  to  a  certain  extent  a  voluntary  act, 
defecation  is  reflex  to  a  degree.  Indeed,  it  is  highly  probable  that 
the  inhibition  of  the  act  of  emptying  the  rectum  is  the  voluntary  act, 
while  the  withdrawal  of  the  inhibition  (relaxing  the  sphincter  ani) 
permits  the  act  of  defecation  to  be  accomplished  either  entirely 
reflexly  or  by  the  aid  of  the  voluntary  action  of  the  diaphragm  and 
abdominal  muscles. 

It  will  be  seen  that  these  reflexes  connected  with  the  alimentary 
canal  may  all  be  included  under  two  forms  of  muscular  activity: 
peristalsis  and  constriction.  Strictly  speaking,  annular  contraction 
of  the  alimentary  tube — constriction — is  a  part  of  peristalsis,  but, 
as  exemplified  by  the  cardiac  and  pyloric  ends  of  the  stomach  and 
by  the  sphincter  ani  muscles,  constriction  must  be  distinguished  as 
a  separate  reflex  act. 

Pathologie  Reflexes,  (a)  Emesis. — ^This  is  a  reflex  very  compli- 
cated in  mechanism.  In  its  simplest  form  it  arises  from  irritant 
ingesta  exciting  spasmodic  contraction  of  the  stomach  and  extrusion 
of  its  contents  through  the  relaxed  oesophagus.  But  many  other 
stimuli  are  capable  of  producing  the  motor  phenomenon  of  vomiting. 
Thus  nauseating  odors,  certain  visual  impressions,  such  as  the  sight 
of  blood,  or  of  objects  which  are  associated  in  the  memory  with  a 
former  nausea,  are  examples  of  the  numerous  sensory  avenues  through 
which  the  emetic  reflex  may  be  excited. 

(/9)  Duodenal  Regurgitation. — ^ITiis  may  accompany  the  pre- 
ceding or  it  may  occur  independently  of  it.  Usually,  however,  it 
results  in  vomiting,  as  the  presence  of  bile  in  the  stomach  is  irri- 
tating, producing  nausea. 

(6)  The  Genitourinary  Tract,  (a)  Micturition. — ^This  act  is 
allied  to  that  of  defecation,  being  voluntarily  inhibited,  and  taking 
place  reflexly  on  the  withdrawal  of  the  inhibition  (relaxation  of  the 
vesical  sphincter). 

(/})  Seminal  Emission. — In  the  male  this  may  be  a  purely  reflex 
act  or  it  may  be  led  up  to  by  voluntary  movements.  In  the  latter  case, 
illustrated  by  coitus,  when  the  excitation  of  the  glans  penis  has 
reached  a  certain  stage  the  reflex  contractions  of  the  ejaculatorj' 
muscles  proceed  without  possibility  of  further  voluntary  inhibition. 
In  sleep  the  act  may  occur  as  a  purely  reflex  one,  the  stimulus  being 
supplied  by  too  great  warmth  of  the  parts,  irritation  within  tlie 
vesicourethral  canal,  or  subconsciously  by  dreams. 

(c)  Parturition. — ^The  gravid  uterus  is  capable  of  voiding  its 
contents  independently  of  voluntary  control,  as  demonstrated  in 
cases  of  transverse  lesion  of  the  cord  above  the  parturition  centre. 
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Usually  in  the  second  stage  of  labor,  voluntary  muscular  contrac- 
tion in  the  diaphragm  and  abdominal  walls  reinforces  the  reflex 
act. 

(c)  The  Pupillary  Reflex,  (a)  Light  Reflex. — ^When  the  light 
entering  the  eyeball  is  suddenly  increased  in  intensity,  the  iris  con- 
tracts, leaving  a  smaller  pupil.  Conversely,  a  sudden  diminution  of 
light  intensity  leads  to  an  enlargement  of  the  pupil. 

(/9)  AccoBfMODATiON  Reflex. — ^Whcn  an  object  seen  at  a  distance 
of  two  feet  or  more  is  quickly  moved  up  near  the  eyes,  and  the  gaze 
be  fixed  on  it,  the  eyes  converge  and  the  pupils  become  narrow. 
Conversely,  when  an  object  near  the  eyes  is  suddenly  removed  for 
some  distance,  the  eyes  diverge  and  the  pupils  dilate.  Thus  sight  is 
accommodated  to  distance. 

(y)  Sympathetic  Pain  Reflex. — ^When  the  skin  of  the  side  of  the 
neck  is  painfully  irritated,  the  pupil  expands  in  some  indi\iduals. 

Pathologic  Reflex  (Argyll-Robertson  Reflexj. — In  this  condition  the 
pupil  reacts  perfectly  to  accommodation,  but  is  absolutely  inactive 
under  the  influence  of  light.  Such  a  reflex  is  a  cardinal  s}Tnptom  of 
locomotor  ataxia,  although  it  also  occurs  in  cerebral  syphilis,  general 
paralysis  of  the  insane,  and  even  in  intense  alcoholism. 

(d)  The  Oircnlatory  System. — Throughout  the  system  of  bloodvessels 
of  the  body  we  find  an  accompanying  intricate  nerve  supply,  through 
which  medium  the  muscular  walls  of  the  bloodvessels  are  influenced 
to  contract  or  to  relax,  and  so  control  the  volume  of  blood  in  a  given 
part.  In  the  heart  there  are  met  everywhere  in  its  muscular  walls 
nerve  fibres  originating  in  the  cardiac  ganglia,  in  those  of  the  sympa- 
thetic system  elsewhere,  and  in  the  medulla  oblongata.  None  of 
these  is  subject  to  voluntary  control,  and  stimuli  arriving  through 
them  originate  by  irritation  of  the  centres  directly  or  by  sensory 
impressions  received  by  these  centres.  In  the  latter  case  it  will 
be  seen  that  a  true  reflex  mechanism  is  called  into  play. 

Dilatation  and  contraction  of  the  smaller,  peripheral  bloodvessels, 
giving  rise  to  the  phenomena  of  blushing  and  pallor  respectively, 
are  often  due  to  sensory  stimulation.  This  may  result  as  a  simple 
reflex  act  or  with  the  interposition  of  an  emotional  (psychic)  state. 
It  may  not  be  unjustifiable  to  consider  the  latter  as  a  complex  reflex 
action,  as  when  the  sight  of  an  accident  happening  to  another  pro- 
duces pallor,  for  example.  It  is  also  a  well-recognized  fact  that  an 
organ  in  active  functional  state  is  provided  with  more  blood  than 
when  quiescent — i.  e.,  relaxation  of  its  vessel  walls  occurs  in  the 
presence  of  that  which  excites  its  function.  As  an  example  of  this 
may  be  cited  the  stomach ;  its  bloodvessels  are  comparatively  turgid 
when  food  is  taken,  and  contracted  during  a  fast. 

(e)  The  Respiratory  Tract. — Mention  has  already  In^en  intule  of  the 
influence  of  the  blood  on  the  centres  of  n*spiration,  varying  with  its 
degree  of  oxygenation.     It  is  well  known  that  n\spiration  may  not 
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be   voluntarily  long  suspended,  the  venous   blood   stimulating  to 
renewed  respiratory  movements  overcoming  voluntary  inhibition. 

Certain  volatile  gases,  as  well  as  odors  of  certain  kinds,  stimulate 
respiration,  while  others  depress  it,  both  acting  in  a  more  or  less 
complicated,  reflex  manner.  Here,  too,  an  emotional  state  may  be. 
as  it  were,  interposed. 


c. 


The  Location  of  Reflex  Centres. 


A  diagram  of  the  various  reflex  centres  corresponding  to  the  reflex 
actions  above  mentioned  must  of  necessity  include  not  only  the 
axile  motor-cell  groups,  giving  origin  to  the  motor  ner\'es  that  produce 
the  respective  movements,  but  also  the  various  sensory  centres  in  the 
same  cerebrospinal  stem  capable  of  stimulating  those  motor-cell 
groups.  In  the  cases  of  the  organic  reflexes,  as  well  as  in  those  of 
many  of  the  superficial  reflexes,  these  sensory  centres  are  very 
numerous  and  their  connections  with  the  motor  centres  multiplex. 
Furthermore,  such  a  diagram  could  be  of  little  service  in  diagnosis  in 
the  absence  of  other  symptoms,  since  the  loss  of  any  given  reflex  is 
not  evidence  always  of  disease  of  either  centre,  but  may  be  due  to 
a  lesion  located  anywhere  in  the  reflex  arc.  As  an  aid,  however, 
to  the  location  of  lesions  recognized  as  being  in  the  cerebrospinal 
stem  the  following  table  may  be  of  service : 


Reflex. 


Location  of  Centre. 


Plantar. 

I.  and  II.  Sacml 

S<»gments 

Gluteal. 

IV.  and  V.  Lumbar. 

Cremasteric. 

I. -I II.  Lumbar. 

Erectile  of  Penis. 

I. -I I.  Lumbar. 

Abdominal. 

VII.-XI.  Dorsal. 

I^arvnpeal. 

X.  (Vanial  Ner\'e. 

Bulb. 

Pharyngeal. 

X.  Oanial  Nerve. 

Bulb. 

Na.sal. 

V.  Cranial  Nerve. 

Bulb. 

Conjunctival. 

V.  Cranial  Nerve. 

Bulb. 

Tcndo  .\chillis. 

III.-V.  Sacral. 

Ankle  Clonus. 

v.  Linnbar. 

Patellar. 

II.  Lumbar. 

Hic(»ps. 

V.-VI.  (Vrvieal. 

Triceps. 

VI.  CVrvical. 

Scapulolnnneral. 

V.  Cervical  to  1. 

Dorsal. 

Inf.  Maxillarv. 

• 

V   Cranial  Nerve. 

Bulb. 

Defecation. 

IV.  Lumbar. 

.Micturition. 

III.  Lumbar. 

Seminal  Kmissioii. 

IV.  Lumbar  to  III.  Sacral 

Parturition. 

I. -II.   Lumbar. 

Intestinal  Movements, 

X.  Cranial  Nerve 

in  Bulb. 

I )uo(ienal   Regurgitation. 

I  -V.  Dorsal  (Splanchnic). 

Pvlorus. 

X.  Cranial  Nerve 

in  Bulb. 
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Reflex. 

Gastric  Movements. 
Emesis. 
Deglutition. 
Sucking. 

Respiration : 

Expiration. 

Inspiration. 
Circulation : 

Cardiac  acceleration. 

Cardiac  inhibition. 

Vasomotor  dilatation,  blush. 

Vasomotor  constriction,  pallor. 
Pupillar>\ 
Vasomotor. 
Salivary  secretion. 


Location  of  Centre. 

X.  Cranial  Nerve  in  Bulb. 

X.  Cranial  Ner\e  in  Bulb. 

X.  and  XII.  Cranial  Nerves  in  Bulb. 

v.,  VII.,  and   XII.  Cranial   Nerves  in 

Bulb. 
Tip  of  Calamus  scriptorius. 
X.  CYanial  Nerve  in  Bulb. 
X.  Cranial  Nerve  in  Bulb. 

II.-III.  et  seq.f  Dorsal. 
X.  Oanial  Nerve  in  Bulb. 
VII.  Cranial  to  III.  Sacral. 
II.  Dorsal  to  II.  Lumbar,  inclusive. 
IV.  Cervical  to  III.  Dorsal. 
Floor  of  the  fourth  ventricle. 
VII.  Cranial  Nerve  in  Bulb.       Chorda 
Tympani. 


3.  THE  SPINAL  CORD  AS  A  TROPHIO  CENTRE. 

In  considering  the  functions  of  the  spinal  cord,  sight  must  not 
be  lost  of  the  inherent  property  of  cell  Ixxlies  here,  jus,  indeed,  every- 
where throughout  the  nervous  system,  to  maintain  the  nutrition  of 
the  more  distal  parts  of  the  respective  neurones.  The  centre  of 
trophic  control  is  apparently  vested  in  the  gray  matter.  liCsions 
of  the  anterior  horn,  since  they  destn)y  its  motor  cells,  produce 
atrophy  or  dystrophy  of  the  muscles  supplied  by  them.  Indeed,  as 
has  been  shown,  atrophy  of  muscles  with  flaccid  paralysis  is  one  of 
the  signs  of  disease  of  the  lower  motor  neurone.  liCsions  of  the 
posterior  horn,  and  especially  of  its  base,  as  well  as  lesions  of  the 
intermediate  gray  matter  of  Gowers  l^etween  the  ventral  and  dorsal 
horns,  are  frequently  attended  with  trophic  cutaneous  diseases. 
ITius  transverse  myelitis  is  always  associated  with  decubitus;  and 
trophic  ulcers  in  various  locations  or  trophic  disturbances  of  joints 
represent  a  cardinal  symptom  of  syringomyelia,  the  pathologic  changes 
of  which  are  limited  to  the  gray  matter.  On  the  other  hand,  locomotor 
ataxia  is  frequently  associated  with  various  arthropathies,  and  some- 
times with  j)erforating  ulcer,  without  appreciable  change  in  the 
gray  matter.  Herpes  zoster  and  herpes  of  the  extremities  are  trophic 
disturbances  due  to  pathologic  changes  in  the  dorsal  spinal  ganglia. 
It  is  not,  therefore,  possible  to  select  any  particular  portion  of  the 
cord  and  to  ascril)e  to  it  the  name  of  tn)phic  centre.  Just  as  the 
cord,  as  a  whole,  is  a  conductor  of  impulses  upward  and  downward, 
so  also  is  it  a  centre  for  the  control  of  the  nutrition  of  the  tnmk,  lK)th 
muscular,  cutaneous,  osseous,  and  arthritic. 
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C.  THE  PHTSIOLOOT  OF  THE  BfEDULLA  OBLONGATA 

AND  PONS  VAROLIL 

Like  the  spinal  cord,  the  medulla  and  pons  represent  a  path  o{ 
communication  between  the  periphery  and  higher  centres  for  both 
efferent  and  afferent  impulses,  and  they  also  act  as  independent 
centres,  regulating  functions  of  the  utmost  importance  in  the  system. 


1.  THE  MEDULLA  AND  PONS  AS  A  OONDUOTINO  MEDIUM. 

a.  The  Efferent  Pathways. 

Those  concerning  which  our  knowledge  is  approximately  definite 
are  three  in  number:  the  pyramidal  tract,  the  corticopontine-cere- 
bellar tract,  and  the  fasciculus  longitudinalis  posterior  (medialis), 
commonly  spoken  of  as  the  posterior  longitudinal  bundle.  There 
are  other  efferent  pathways,  to  be  sure,  particularly  the  motor  speech 
tract,  the  cerebral  tracts  to  the  motor  cranial-nerve  nuclei,  and 
certain  tracts  from  the  cerebellum  to  the  cord,  but  our  knowledge 
concerning  these  is  too  hazy  to  be  of  value. 

1.  The  Pyramidal  Tract.— ITie  path  in  the  medulla  which  trans- 
mits volitional  motor  impulses  is  fairly  well  understood.  For  our 
knowledge  of  it  we  are  more  indebted  to  the  careful  study  which  has 
been  made  of  secondary  degeneration  of  the  medullary  tracts  and 
to  the  phenomena  of  disease  than  to  any  direct  experimentation. 
Direct  experiments  on  the  medulla  itself  are  full  of  difficulties  and 
the  results  complicated. 

That  the  pyramids  are  the  paths  of  volitional  motor  impulse  is 
proved  most  satisfactorily  by  the  secondary  degeneration  which 
ensues  in  them  in  consequence  of  destruction  of  the  cortical  motor 
centres.  The  pyramid  degenerates  on  the  same  side  as  the  cortical 
lesion  and  as  far  as  the  point  of  decussation  of  the  pyramids,  and 
thence  the  degeneration  is  continued  downward  in  the  pyramidal 
tract  of  the  lateral  column  of  the  spinal  cord  on  the  opposite  side 
and  partly  also,  as  will  be  remembered,  in  the  anterior  pyramidal 
tract  of  the  same  side,  for  a  certain  distance  at  least.  Experimental 
evidence  as  to  the  result  of  section  of  the  pyramids  is  somewhat 
uncertain,  but  in  monkeys  and  man  there  can  be  no  question  as  to 
their  being  the  motor  paths  between  the  cortex  and  the  anterior 
horns  of  the  spinal  cord. 

More  or  less  intimately  associated  with  the  pyramidal  tract  fibres 
are  others  from  the  motor  cortex  to  the  nuclei  of  the  motor  cranial 
nerve  nuclei  in  pons  and  medulla,  namely,  the  motor  nuclei  of  the 
fifth,  sixth,  seventh,  tenth,  eleventh,  and  twelfth  cranial  nerves. 
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Undoubtedly  these  pathways,  at  present  not  clearly  defined  anatomic- 
ally, decussate  just  before  reaching  their  destination,  much  as  the 
direct  pyramidid  tract  fibres  are  thought  to  decussate  in  the  cord 
just  before  reaching  the  particular  ventral-horn  cells  which  they  are 
destined  to  supply.  Possibly  there  is  a  separate  pathway  to  the 
facial  and  hypoglossal  nuclei,  acting  as  a  motor  speech  tract,  connect- 
ing the  cortical  centre  for  articulate  speech  with  the  medullary  and 
pontine  secondary  centres,  the  nuclei  of  the  facial  and  hypoglossal 
nerves.  Pontine  injuries  would  indicate  in  some  instances  such  a 
differentiation. 

2.  The  Gerebropontine-cerebellar  Tract.— This  pathway  is  com- 
posed of  two  neurones,  the  upper  extending  from  cerebral  cortex  to 
pons,  and  the  lower  extending  from  pons  to  cerebellum.  ITiere  are 
numerous  fibres  found  in  the  pes  pedunculi  associated  with  pyramidal 
tract  fibres  coming  from  the  frontal,  temporal,  and  occipital  cortex. 
These  fibres  are  the  axones  of  the  cerebrocortical  cells.  They  evi- 
dently pass  largely  in  connection  with  the  pyramidal  tract  to  the  pons, 
where  they  end  by  arborizing  about  the  cells  of  the  nuclei  pontis  of 
the  same  side.  These  cells  receive  the  impulse  and  send  them  out 
through  their  axones,  across  the  midline  to  the  opposite  side  of  the 
pons,  and  then  upward  through  the  middle  cerebellar  peduncle 
(brachium  pontis)  to  the  cerebellum.  Thus  the  cerebral  cortex  of 
one  side  is  in  control  of  the  cerebellar  cortex  of  the  opposite  side. 
The  nature  of  the  impulse  is  partly  conjectural.  It  is  doubtless  true 
that  the  volitional  motor  impulses  sent  from  brain  to  the  opposite 
side  of  the  spinal  cord  are  not  detailed  ones,  but  general  ones,  since 
there  are  no  centres  for  individual  muscles  in  the  motor  cortex,  but 
centres  for  combined  actions  only.  It  is  likely  that  the  cerebrum 
entrusts  the  cerebellum  with  the  co-ordination  of  impulses  of  volition. 
At  the  same  instant  that  the  volitional  impulses  proceed  downward 
to  the  cord,  it  is  likely  that  similar  impulses  proceed  to  the  cerebellum, 
which  organ  modifies  them,  turning  them  into  co-ordinating  impulses, 
and  sending  them  downward  to  the  ventral-horn  cells  either  through 
the  so-called  anterolateral  descending  cerebellar  tract  of  I^owenthal 
and  Marchi,  or  through  the  descending  root  from  Deiters'  nucleus, 
or  both.  Thus  the  cerebrum  controls  the  opposite  side  of  both 
cerebellum  and  cord,  and  the  cerebellum  controls  the  coni  of  the 
same  side. 

3.  The  Fasciculus  Longitudinalis    Posterior.— The    posterior 

longitudinal  bundle  is  still  an  anatomic  problem,  and  its  function  is 
even  more  conjectural  than  its  anatomy.  It  apparently  rises  in  the 
depths  of  the  thalamencephalon,  and  has  been  traced  with  certainty 
backward  through  midbrain,  pons,  and  medulla  as  far  as  the  upper  por- 
tion of  the  cervical  cord,  where  it  lies  in  the  anterolateral  area,  fairly 
intimately  associated  with  Deiters'  tract  (tractus  acusticospinalis). 
It  appears  to  receive  and  to  give  off  short  fibres  throughout  its  long 
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course.  That  its  constituent  fibres  are  short  is  proved  by  degen- 
eration experiments  on  mammals.  There  is  strong  e\ddence  that 
in  the  lateral  portions  of  the  posterior  longitudinal  bundles  are 
fibres  which  have  decussated  in  the  posterior  commissure,  and, 
according  to  Edinger,  numerous  fibres  within  it  are  derived  from 
a  sagittal  nucleus  in  the  midbrain,  called  the  nucleus  of  the  posterior 
longitudinal  bundle.  The  most  striking  anatomic  fact  is  its  intimate 
relation  to  the  motor  nuclei  of  the  ocular  cranial  nerves  pre-eminently, 
and  to  the  motor  nuclei  of  the  seventh  and  twelfth  cranial  nerves  in 
the  pons  and  medulla.  Into  each  motor  nucleus  it  sends  fibres  or 
collaterals,  and  from  each  motor  nucleus  it  receives  them.  Evidently 
one  of  its  chief  functions  is  to  correlate  various  eye  movements. 
Fibres  also  enter  the  bundle  from  the  auditory  system,  according  to 
Edinger.  The  fibres  passing  to  the  facial  nucleus  have  been  thought 
by  Mendel  to  supply  the  orbicularis  palpebrarum  and  corrugator 
supercilii,  so  that  these  muscles  may  act  synergetically  with  the 
levator  palpebrae  superioris  supplied  by  the  oculomotor  nene. 
Possibly,  too,  the  posterior  longitudinal  bundle  co-ordinates  the 
muscles  supplied  by  the  seventh  and  twelfth  cranial  nerves  in  speech, 
thus  harmonizing  the  movements  of  the  orbicularis  oris  with  those 
of  the  tongue.  Duval  and  Laborde  have  described  fibres  passing 
upward  (afferent  in  direction,  therefore)  from  the  nucleus  of  the 
abducens  nerve  to  the  opposite  nucleus  oculomotorius,  for  the  supply 
of  the  opposite  internal  rectus  muscle.  Thus,  co-ordination  in  the 
simultaneous  movement  of  the  external  rectus  of  one  side  and  of  the 
internal  rectus  of  the  other  is  obtained. 

It  has  also  been  suggested  with  much  plausibility  that  since  move- 
ments of  the  eyeballs  are  invariably  associated  with  movements  in 
the  muscles  of  expression,  and  since  the  fasciculus  longitudinalis 
posterior  connects  the  nuclei  of  the  seventh  and  twelfth  cranial  nenes, 
it  is  the  correlating  factor.  Since  the  bundle  extends  nto  the  upper 
cervical  cord,  occupying  an  area  taken  up  largely  with  c*o-ordinating 
cerebellar  fibres,  it  possibly  has  something  to  do  \\ith  the  uncon- 
sciously assumed  posture  of  the  head  when  an}^hing  is  critically 
examined  with  the  eyes;  and  the  act  of  listening,  attended  with 
spi^cial  movements  of  the  head,  may  possibly  be  functionally  asso- 
ciated with  the  posterior  longitudinal  bundle,  if  Edinger's  statement 
that  it  is  connected  with  the  auditory  system  is  correct. 

h.  The  Afferent  Pathways. 

These  consist  chiefly  of  the  mesial  and  lateral  fillet. 

1 .  The  Mesial  Fillet. — As  was  pointed  out  in  the  consideration 
of  the  spinal  cord  as  a  medium  of  conduction,  the  mesial  fillet  appar- 
ently conducts  all  varieties  of  common  sensation.  Impulses  from 
the    muscles  and    deep-lying  structures,  ascending  in   the    dorsal 
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columns,  upon  reaching  the  nuclei  gracilis  and  cuneatus,  are  trans- 
ferred through  the  sensory  decussation  to  the  opposite  side  of  the 
medulla,  where  they  meet  the  fibres  which  have  already  decussated  in 
the  cord,  and  which  are  conducting  upward  impulses  of  touch, 
temperature,  and  pain.  Thus  all  of  the  sensory  impulses  in  the 
mesial  fillet  are  derived  from  the  opposite  side  of  the  body. 

Great  confusion  reigns  as  to  the  distribution  of  the  various  kinds 
of  sensory  impulses  among  the  parts  of  the  fillet.  Since  the  dis- 
sociation symptom  (preservation  of  tactile  sensation  with  loss  of  the 
thermal  and  algesic  sensations)  may  be  met  with  in  disease  of  the 
medulla  and  pons,  it  is  evident  that  further  physiologic  differentiation 
will  some  day  be  forthcoming.  Very  important  is  the  fact  that  from 
the  nuclei  of  the  sensory  nerves  of  medulla  and  pons  fibres  pass  in  to 
the  fillet.  Thus  the  sensations  brought  to  pons  and  medulla  by  the 
sensory  cranial  nerves  sweep  upward,  after  immediately  decussating, 
in  the  contralateral  fillet,  to  the  ventrolateral  thalamic  nucleus,  and 
thence  to  the  cerebral  cortex.  Thus  the  fillet  is  a  great  river  of 
sensory  impulses  floA\ing  continuously  toward  the  brain,  now  and 
then  receiving  a  tributary  from  a  sensory  cranial  nerve. 

2.  The  Lateral  Fillet  is  made  up  wholly  from  fibres  of  the  auditory 
apparatus.  These  enter  the  pons,  decussate,  l)ecome  more  or  less 
intimately  associated  with  the  superior  olive,  and  then  ascend  in  the 
lateral  fillet,  '^l^he  impulses  conducted  are  undoubtedly  from  the 
auditory  apparatus,  and  they  will  be  more  completely  considered 
when  the  auditory  nerve  is  mentioned. 

(c)  Association  Pathways. 

Other  pathways  exist,  most  of  them  association  paths,  the  functions 
of  which  are  obsc*ure.  The  great  system  of  fibres  connecting  the 
olive  of  one  side  with  the  opposite  cerebellar  hemisphere  is  still  a 
physiologic  problem.  Clinical  evidence  goes  to  show  that  it  is  part 
of  the  cerebellar  co-ordinating  system. 


2.  THE  MEDULLA  AND  PONS  AS  AN  INDEPENDENT  CENTRE. 

1.   General  Considerations. — As  such  they  preside  over  and 

regulate  functions  on  the  due  performance  of  which  life  essentially 
depends,  as  well  as  many  others  of  considerable  complexity,  but  of 
less  vital  importance,  All  of  the  cranial  nerves  with  the  exception 
of  the  first  four  (viz.,  the  olfactory,  optic,  motor-oculi,  and  pathetic) 
have  their  primary  origin  in  the  medulla  and  jx)ns;  and  the  third 
and  fourth  nerves,  though  springing  from  nuclei  in  the  fl(K)r  of  the 
aque<luct  of  Sylvius,  are  also  connected  with  the  sixth  pair  thrf)Ugh 
the  posterior  longitudinal  bundles.    Should  all  the  encephalic  centres 
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above  the  pons  and  medulla  be  removed,  the  mulilated  organism, 
even  if  a  warm-blooded  animal,  can  live  and  breathe.  The  functions 
depending  on  the  spinal  centres  will  go  on  automatically  and  under 
reflex  actions  will  be  called  forth  in  the  regions  innervated.  Thus 
the  eyelids  will  close  if  the  conjunctiva  be  touched ;  the  lingual,  oral, 
and  facial  muscles  will  contract  and  the  ear  twitch  on  irritation  of 
the  sensory  nerves  in  reflex  relation  with  the  movements  in  question. 
The  movements  capable  of  being  elicited  through  the  medulla  are 
in  many  instances  of  remarkable  complexity.  Thus  if  a  morsel  of 
food  be  placed  on  the  back  of  the  tongue  the  combined  and  co-ordi- 
nated movements  of  the  lips,  tongue,  palate,  and  pharynx  concerned 
in  the  mechanism  of  deglutition  will  be  executed  with  as  great  pre- 
cision as  in  perfectly  normal  conditions.  In  a  young  animal,  so 
mutilated,  the  introduction  of  the  nipple  between  the  lips  will  be 
sufficient  to  set  up  the  appropriate  movements  of  sucking. 

Occasionally  human  infants  are  bom  entirely  without  cerebral 
centres  above  the  medulla,  and  yet  an  acephalus  infant  sucks  and 
swallows  as  well  as  the  perfectly  developed  child  when  put  to  the 
mother's  breast.  The  medulla  is  the  co-ordinating  centre  of  all  these 
associated  movements.  Destruction  of  the  medulla  causes  their 
instant  and  permanent  annihilation. 

The  various  afferent  and  efferent  nerves  concerned  in  the  mech- 
anism, viz.,  the  hypoglossal,  glossopharyngeal,  facial,  and  trifacial, 
all  spring  directly  from  gray  nuclei  in  the  medulla  and  pons.  Fig.  280 
shows  the  location  of  the  principal  nuclei.  The  plexiform  arrange- 
ment seen  in  nerves  which  are  concerned  in  the  movements  of  die 
limbs  is  not  manifest  in  the  case  of  the  cranial  nerves,  except  in  those 
of  the  pharyngeal  plexus;  but  there  can  be  little  doubt  that  there, 
as  in  the  spinal  centres,  the  nuclei  of  the  various  nerves  concerned 
in  special  physiologic  co-ordinations  are  so  connected  together  that 
a  co-ordinate  synergy  is  occasioned  by  stimulation  just  as  readily  as 
a  single  muscular  contraction  on  stimulation  of  an  undivided  muscle 
nerve. 

2.  The  Lower  Speech  Centre.— The  movements  concerned  in 
the  production  of  articulate  speech  have  their  ultimate  or  lower 
centre  in  the  pons  and  medulla,  in  the  nuclei  of  the  seventh  and 
twelfth  cranial  nerves.  This  is  indicated  particularly  by  the  phe- 
nomena of  disease  in  this  region  in  man.  In  bulbar  paralysis,  the 
terminal  stage  of  most  cases  of  amyotrophic  lateral  sclerosis,  the 
disease  of  the  medulla  and  pons  is  usually  heralded  by  a  slight  defect 
in  speech,  and  the  patient  has  difficulty  in  pronouncing  linguals, 
labials,  and  dentals;  the  voice  becomes  nasal.  Tlie  paralysis  starts 
in  the  tongue  and  the  superior  lingual  muscle  gradually  becomes 
atrophied,  so  that  the  mucous  membrane  is  thrown  into  folds,  ^^'hcn 
the  lips  later  In^come  involved  the  patient  can  neither  whistle  nor 
pronounce  the  vowels  **o''  and  **a."     Ultimately  articulate  speech 
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b  entirely  lost;  the  tongue  lies  a  useless,  inert  wasted  mass  in  the 
bottom  of  the  mouth,  and  saliva  constantly  drools  because  the  lijis 
are  paralyzed.  The  disease  is  found  to  depend  upon  a  process  of 
degeneration  affecting  the  motor  nuclei  of  both  medulla  and  pons 
The  loss  of  the  power  of 
speech  in  this  disease  is 
a  clear  demonstration  that 
the  lower  speech  centre  is 
coincident  with  the  nuclei 
of  the  facii^  and  hypo- 
glossal nerves.  The  motor 
speech  tract  is  doubtless 
more  or  less  intimately  as- 
sociated with  the  pyramidal 
fibres.  Undoubtedly  they 
decussate  just  before  their 
nuclei  of  destination  are 
reached. 

3.  The  Cardiac  Inhib- 
itory Centre. — It  will  be 
recalled  that  the  inhibitory 
ner^■es  of  the  heart  run  in 
the  trunks  of  the  vagi,  also 
that  cutting  the  vagi  causes 
an  increase  in  the  number 
of  heart  beats;  stimulating 
the  cut  ends  causes  a  dim- 
inution in  the  number  of 
heart  beats.  A  greater  or  „„„.„„^  „.,„ 
less  degree  of  inhibition  is  ■himiiiK  tbc  principal 
constantiy  maintained    by     ""'  •"  ""  """'*'  "*  '"^*'' 

,,  .'„  .         ,         ■        ncTTSB.     V  ia  Ihe  motor  I1UI 

the  medulla,  as  is  shown 
by  the  acceleration  of  the 
heart's  action  which  fol- 
lows section  of  the  vagi. 
The  fibres  which  cause  the 
inhibition  of  the  heart  spring  from  the  spinal  accessor)'  nucleus  and 
belong  to  the  motor  or  centrifugal  system.  The  accelerator  nerve.t 
of  the  heart  travel  through  the  last  cer\'ical  anil  first  dorsal  ganglia 
of  the  sympathetic.  Stimulation  of  tiiese  ner\'es,  as  has  been  proved 
by  Ga.skell,  increa.ses  the  strength  as  well  a.s  the  rate  of  the  cardiac 
contractions.  Very  interesting  as  bearing  up<m  the  cardiac  iiihil>- 
itory  centre  is  one  of  Edinger's  cases.'  Hi'  observed  pronminced 
slowing  of   the  pul.se  on  defecation  due  to  the  existence  of  n  varix  in 

<  Berliner  kllDlsche  Wocbemchrirt,  ININ. 
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the  anterior  portion  of  the  accessorius  nucleus.  Subsequently,  as  the 
varix  grew  the  retardation  of  the  pulse  became  greater  until  the 
heart  ceased  to  beat  altogether  when  the  varix  ruptured. 

The  rhythmic  movements  of  the  heart  are  independent  of  the 
medulla  and  of  the  cerebrospinal  centres  in  general,  and  are  con- 
ditioned mainly  by  the  intrinsic  ganglia  of  the  heart  itself;  the  heart 
contracts  rhythmically  on  stimulation  apart  from  all  nen'es  or 
ganglia. 

4.  The  Vasomotor  Centre.— The  medulla  and  pons  also  exert 
a  controlling  influence  upon  the  state  of  the  blood  pressure.  IV 
arterial  walls  are  maintained  in  a  continual  state  of  tone  which  varies 
within  certain  limits,  either  automatically  or  in  response  to' reflex 
action,  due  to  certain  local  or  general  afferent  stimuli.  The  tone  of 
the  bloodvessels  is  in  a  large  measure  dependent  upon  the  gray 
matter  of  the  spinal  cord,  the  various  segments  of  which  may  be 
regarded  as  more  or  less  independent  vasomotor  centres.  But  the 
predominating  influence  in  the  vascular  system  and  the  presiding 
influence  over  the  variations  in  the  blood  pressure  depend  upon  the 
centre  in  the  medulla.  As  long  as  the  medulla  and  pons  are  intact, 
all  the  centres  situated  above  it  may  be  removed  without  greatly 
influencing  the  tone  of  the  bloodvessels  or  interfering  with  the  vari- 
ations of  blood  pressure.  If,  however,  the  cord  be  severed  below  the 
calamus  scriptorius  a  general  vasomotor  paralysis  ensues  with  enor- 
mous fall  of  blood  pressure,  owing  to  the  greatly  increased  vascu- 
lar area.  More  precisely  the  centre  corresponds  to  the  ganglionic 
cells  of  the  upper  olive  or  the  anterolateral  nucleus  of  the  medulla. 
This  region,  or  its  homologue  in  other  animals,  is  termed  the  vaso- 
motor centre,  and  this  centre  is  supposed  to  be  connected  with  all 
the  afferent  nerves  capable  of  modifying  its  influence.  Stimulation 
of  the  sensorv  nerves  causes  an  excitation  of  the  vasomotor  centre 

•r' 

and  constriction  of  the  arteries. 

5.  The  Vomiting  Centre. — Irritation  of  the  branches  of  the  vagus 
nerve  distributed  to  the  alimentary  canal  induces  vomiting,  in  which 
there  is  a  combination  of  movements.  The  essentials  are  dilatation 
of  the  cardiac  orifice  of  the  stomach,  and  forcible  pressure  on  this 
viscus  by  the  expiratory  muscles  of  the  abdomen.  It  is  customarj' 
to  consider  a  special  vomiting  centre,  which  is  supposed  to  co-ordinate 
all  these  movements,  but  it  is  now  held  by  physiologists  that  the  facts 
do  not  justify  a  centre  distinct  from  the  respiratory  centre,  with  such 
modifications  as  are  conditioned  by  the  starting  point  of  the  exciting 
stimulus. 

G.  The  Respiratory  Centre.— The  co-ordination  of  the  respirator}* 
movements  is  one  of  the  most  important  functions  of  the  medulla 
oblongata.  As  long  jis  the  medulla  is  intact  the  function  of  respiration 
goes  on  in  an  automatic  or  reflex  manner  with  perfect  regularity  and 
rhythm.     When   the  medulla  is  destroyed  respiration  ceases  and 
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death  ensues  in  all  animals  which  cannot  live  by  cutaneous  respira- 
tion alone,  like  the  frog.  ITie  chief  centre  of  co-ordination  of  the 
respiratory  movements  is  situated  near  the  beak  of  the  calamus 
seriptorius,  coinciding,  or  being  in  the  closest  relation,  with  the  nuclei 
of  the  vagus  nerves.  From  this  point  proceed  the  impulses  which 
excite  the  associated  and  co-ordinated  movements  of  the  diaphragm, 
thoracic  walls,  and  air  passages. 

If  the  spinal  cord  be  cut  above  the  origin  of  the  phrenic  nerve, 
the  thoracic  muscles  and  diaphragm  speedily  cease  to  act  effectively 
for  purposes  of  respiration,  but,  as  it  has  been  shown,  may  still 
continue  to  act  rhythmically  and  to  respond  to  stimulation  of  certain 
sensory  surfaces  for  a  short  period  after  section  of  the  cord  below 
the  calamus.  In  some  animals  respiratory  movements  continue  for 
a  longer  or  shorter  period  after  complete  removal  of  the  medulla 
oblongata.  The  respiratory  centre  is  in  reality  not  a  single-cell  group, 
but  a  bilateral  group,  each  in  relation  to  the  vagus  centre  of  its  own 
side.  The  two  act  normally  in  perfect  unison,  but  they  may  be  divided 
by  a  longitudinal  incision  in  the  median  line,  and  then  they  lose  their 
absolute  synchrony,  and  each  half  of  the  respiratory  apparatus 
perfonns  its  function  independently  of  the  other.  The  respiratory 
centres  are  in  relation,  not  only  with  the  afferent  impressions  con- 
veyed by  the  vagus,  but  also  with  those  of  the  sensory  nerves  in 
general,  and  very  manifestly  with  those  of  the  head  and  chest.  Hence 
a  sudden  stimulation  of  these  surfaces,  such  as  by  a  dash  of  water, 
may  cause  active  inspiratory  movements;  or  if  very  severe,  it  may 
cause  spasmodic  arrest  for  a  time,  either  in  a  state  of  inspiration  or, 
under  certain  circumstances,  of  expiration. 

The  rhythmic  alteration  of  inspiratory  movements  is  not,  however, 
entirely  dependent  on  reHex  excitation,  for  respiratory  movements 
may  continue  after  all  the  afferent  nerves  connected  with  the  centre 
have  been  divide<l.  In  this  case  there  is  a  true  automatic  activity 
influenced  by  the  state  of  the  blood  itself.  '^^Fhe  diminution  of  oxygen 
and  accumulation  of  oxidation  products  in  the  blood  act  as  a  stimulus 
to  the  respiratory  centres.  ^Vhen  the  blood  is  artificially  hyper- 
oxygenated  the  movements  of  respiration  come  to  complete  standstill, 
a  condition  termed  apncea.  Non-aeration  of  the  blood,  resulting 
from  obstruction  of  the  respiratory  functions,  powerfully  excites  the 
movements  of  both  inspiration  and  expiration,  and  ultimately,  if 
the  obstruction  continues,  causes  general  convulsions  of  the  whole 
body,  as  in  asphyxia. 

The  respiratory  mechanism,  though  essentially  automatic  or  reflex, 
is  to  a  great  extent  under  the  control  of  the  will.  It  is  by  the  volitional 
control  we  possess  over  the  respiratory  movements  that  we  are 
enabled  to  combine  them  with  those  of  articulation  for  the  purpose  of 
speech  and  vocalization,  and  in  a  similar  manner  by  closure  of  the 
^ottis  and  forcible  contraction  of   the  expiratory  muscles  we  can 
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aid  the  expulsion  of  the  contents  of  rectum  and  genitourinary  organs. 
Our  volitional  control  over  the  respiratory  mechanism  is  limited. 
No  one  by  mere  will  power  can  inhibit  his  respiration  long  enough 
to  produce  death. 

7.  The  Taste  Centre  of  the  Medulla.— According  to  Edinger  the 

long,  thin  column  of  gray  matter  to  the  mesial  side  of  the  fasciculus 
solitarius  and  known  as  the  nucleus  fasciculi  solitarii  is  the  medullan 
or  lower  taste  centre,  and  to  the  cells  of  this  nucleus  pass  fibres  which 
come  from  the  dorsum  linguse,  partly  by  way  of  the  gustatory  branch 
of  the  trigeminal  nerve,  partly  by  way  of  the  chorda  tympani,  through 
the  facial,  large  superficial  petrosal,  Vidian,  sphenopalatine,  superior 
maxillary  and  trigeminal  nerves,  and  partly  by  way  of  the  ^osso- 
pharyngeal.  Wallenberg  succeeded  in  tracing  to  this  nucleus  taste 
fibres  from  the  entering  trigeminal  roots.  The  taste  impulses,  haWng 
been  received  by  the  cell  bodies  of  the  nucleus,  pass  out  by  way  of 
their  axones,  decussate,  and  probably  ascend  in  the  contralateral 
fillet. 

8.  The  Medulla  Oblongata  is  a  Co-ordinating  Centre  of  Reflex 
Actions  Essential  to  the  Maintenance  of  Life. — If  all  the  centres 

above  the  medulla  oblongata  be  removed,  life  may  nevertheless  con- 
tinue. The  respiratory  movements  may  go  on  with  their  accustomed 
regularity  and  rhythm;  the  heart  will  continue  to  beat  and  the 
circulation  be  regulated  as  under  normal  conditions;  the  animal 
may  swallow  food  if  it  be  placed  in  its  mouth,  may  react  in  ap- 
parently purposive  maimer  to  impressions  made  on  the  sensory 
nerves,  withdrawing  its  limbs  or  endeavoring  to  remove  itself  from 
the  cause  of  irritation,  or  even  utter  a  cry  of  pain,  and  yet  will  be 
merely  an  unconscious,  unintelligent  reflex  mechanism. 


D.  CO-ORDINATION  AND  EQUILIBItATION;    THE   PH7SI- 
OLOOT  OF  THE  OEREBELLXTM  OR  METENOEPHALON. 

1.  CO-ORDINATION:    ADJUSTMENT  OF  MUSCULAR  ACTION. 

To  \\w  most  casual  observer  the  necessity  of  a  correlating  influem 
in  imiscular  movements  must  be  apparent,  an  arrangement  by  which 
liny  change  in  position  of  a  part  of  the  body  is  accomplished  through 
a  nic(»ly  opposed  action  of  two  or  more  sets  of  muscles.  Of  these 
one  relaxes  as  the  other  contracts,  or,  where  several  groups  are  con- 
cerned, (liferent  degrees  of  change  in  tension  occur  in  the  different 
groups,  to  just  the  extent  necessary  to  produce  the  desired  movement. 
Such  a  fon^e  must  he  efferent — ?'.  ^.,  exerted  on  the  motor  cells  in 
the  ventral  horn  of  the  spinal  cord.  Moreover,  the  centre  from  which 
it  rises  must  Ix*  in  intimate  relationship  with  thost*  afferent  nerve 
(!urr(Mits  through  which,  either  as  general  or  as  special  sensation,  we 
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recognize  our  position  relative  to  our  surroundings.  Such  afferent 
impulses  in  all  probability  arrive  through  all  the  varied  sense  apparatus, 
as  may  be  learned  when  one  or  more  is  wanting  This  centre  of 
unconscious  control  of  muscular  movomenl  determmed  by  unpercei^ed 
sensation,  so  to  speak,  w  the  cerebellum  The  controlling  force  which 
it  exercises  is  co-ordination      Through  its  peduncles  connecting  its 
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hemispheres  with  the  cerebrum,  with  the  meilulla  and  »ird,  am)  with 
each  other,  it  receives  afferent  impulses  and  emits  efferent  ones. 
(See  Fig.  281.) 

TTiough  there  is  a  more  general  agreement  among  physiologists 
as  to  the  results  of  lesions  of  the  fen'beliuiii  than  of  any  other  portion 
of  the  encephalon,  there  seems  to  l)e  a  corn'.spomlingly  gn-ater 
difficulty  in  finding  such  a  definition  of  tlie  functions  of  tins  organ 
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as  shall  have  a  clinical  and  physiologic  value.  Experiments  prove 
satisfactorily  that  destruction  of  the  cerebellum  in  the  lower  animals 
is  followed  by  long-continued,  if  not  permanent,  disorders  of  coK)rdi- 
nation,  especially  of  that  great  subdivision  of  co-ordination  which  we 
call  equilibration. 

The  cerebellum  does  not  respond  to  mechanical  irritation  in  the 
same  way  that  the  cerebrum  responds;  extensive  co-ordinated  move- 
ment-complexes take  place  rather  than  comparatively  simple  ones. 
It  has  been  found,  for  example,  that  if  the  induced  current  be  applied 
to  the  cortex  of  the  cerebellum  in  rabbits  a  series  of  ocular  and  other 
movements  occur,  depending  upon  the  point  which  is  stimulated. 
Electric  stimulation  of  the  cerebellum  produces  simultaneous  move- 
ments of  both  eyes  in  different  directions,  according  as  the  electrode 
is  applied  to  different  parts  of  its  surface.  Besides  these  ocular 
movements,  certain  movements  of  the  head  and  limbs  are  likewise 
produced.  In  some  experiments  in  which  the  head  was  maintained 
in  a  fixed  position,  only  movements  of  the  eyes  and  also  sometimes 
of  the  limbs  could  be  observed,  but  when  the  head  was  released  the 
movements  of  the  eyes  coincided  with  movements  of  the  head. 
Along  with  these  effects  the  pupils  were  observed  to  become  con- 
tracted on  irritating  the  cerebellum.  The  contraction  of  the  pupil 
is  specially  marked  on  the  eye  of  the  same  side.  The  pupil  may 
remain  contracted  for  some  time  after  the  electric  current  has  been 
removed. 

Injuries   to   the   cerel)ellum   or  to   the  cerebellospinal   pathwavs 
cause  a  peculiar  disorder  of  co-ordination  named  diadocokinesia  by 
Babinski'  who  discovered  it.      He  noted  that  in  patients  with  cere- 
bellar lesions,  whereas  pronation  and  supination  each  by  itself  could 
be  readily  executed,  the  alternation  of  the  two  acts  required  twice 
or  three  times  as  much  time  as  in  a  normal  individual.    The  essence 
of  the  disturbance  is  an  inability  instantly  to  arrest  one  motor  impulse 
and  to  substitute  another  diametrically  opposite.     There  is,  then,  a 
special  co-ordinating  function  of  the  cerebellum,  which  consists  in  the 
instantaneous  association  of  an  excitomotor  impulse  ^ith  a  mental 
action.     Volitional  acts  to  be  perfect  require  the  integrity  of  this 
function.      It  is  indispensable  in  walking,  for  this  requires  instan- 
taneous sequence  of  action  in  opposing  muscles.     It  is  seen  in  the 
writing  of  a  cerebellar  patient,  the  curves  being  poorly  formed  and 
broken,  owing  to  impairment  of  this  function. 

»  Revue  neurologique,  November  15, 1902. 
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2.  EQUILIBRATION:  CO-ORDINATION  OF  MOVEMENTS  MAIN- 
TAINING EQUILIBRIUM. 

The  cerebellum  seems  to  be  a  complex  arrangement  of  individual, 
differentiated  centres  which  in  associated  action  regulate  the  various 
muscular  adjustments  necessary  to  maintain  equilibrium  and  steadi- 
ness of  the  body.  We  should  therefore  expect  to  find  that  a  lesion 
which  annihilates  the  functional  activity  of  any  of  the  individual 
cerebellar  centres  should  manifest  itself  in  a  tendency  to  the  over- 
throw of  the  balance  in  the  direction  naturally  opposed  by  this 
centre.  This  is  in  accordance  with  the  facts  of  experiments.  Stim- 
ulation of  the  anterior  part  of  the  middle  lobe  excites  muscular 
combinations  which  would  counteract  a  tendency  to  fall  forward. 
Hence  destruction  of  this  part  shows  itself  in  a  tendency  to  fall 
forward.  In  this  we  see  both  the  negative  effect  caused  by  the 
removal  of  the  one  centre,  and  the  positive  effects  excited  by  the 
unopposed  and  antagonistic  centres.  In  a  like  manner  stimulation 
of  the  posterior  part  of  the  middle  lobe  calls  into  play  the  muscular 
adjustments  necessary  to  counteract  a  backward  displacement  of 
the  equiUbrium;  and  a  destruction  of  this  region  manifests  itself  in 
a  tendency  to  fall  backward. 

'^The  lateral  lobes  of  the  cerebellum  contain  centres  for  complex 
adjustments  against  lateral,  combined  with  diagonal  and  rotary, 
displacements  to  the  opposite  side,  and  hence,  as  has  been  found  by 
experiments,  lesions  of  the  lateral  lobes  exliibit  themselves  in  dis- 
turbances of  the  equilibrium  either  laterally  to  the  side  opposite 
the  lesion  or,  as  the  resultant  of  lateral  and  rotary  displacement,  in 
rolling  over  to  the  side  of  the  lesion.  The  effects  of  a  lesion  may 
therefore  vary — a  fact  which  may  account  for  some  of  the  discrep- 
ancies among  the  results  obtained  by  different  experimenters. 

The  mechanism  of  cerebellar  co-ordination  is  not  wholly  inde- 
pendent of  consciousness  and  volition.  The  displacement  of  equilib- 
rium in  any  direction  not  only  calls  into  play  by  reflex  or  responsive 
action  the  compensatory  motor  adjustments,  but  also  induces  con- 
scious or  voluntary  efforts  of  a  similar  or  antagonistic,  compensatory 
nature.  Thus  a  tendency  to  fall  forward,  while  reflexly  calling  into 
action  the  muscular  combinations  which  pull  the  lx>dy  backward, 
may  also  excite  consciousness  and  cause  voluntary  effort  in  the  same 
direction.  The  same  muscular  adjustments  which  are  capable  of 
being  effected  by  the  cerebellum  are  also  under  the  control  of  the 
will  and  may  be  carried  out  by  the  cerebral  hemispheres  independently 
of  the  cerebellum;  nevertheless,  an  animal  deprived  of  its  cerebral 
hemispheres  is  capable,  by  means  of  its  cerebellum,  not  only  of 
maintaining  its  equilibrium  if  undisturbed,  but  of  regaining  it 
when  overthrown.  Conscious  cerebral  control  of  equilibrium  is, 
therefore,  merely  supplementary  to  cerebellar  control. 

44 
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The  disturbance  of  equilibrium  is  always  most  marked  imme- 
diately after  the  infliction  of  injury  to  the  cerebellum.  This,  which 
has  been  by  many  looked  upon  as  a  sign  of  irritation,  is  to  be  accomited 
for  by  the  sudden  derangement  of  the  self-adjusting  mechanism  on 
which  the  maintenance  of  equilibrium  mainly  depends.  As,  however, 
the  animal  may  supplement  the  loss  of  this  mechanism  by  conscious 
efforts,  in  process  of  time  it  acquires  the  power  of  voluntary  adapta- 
tion and  thus  is  enabled  to  maintain  its  equilibrium,  though  perhaps 
with  less  degree  of  security  than  before. 

The  more  extensive  the  lesions  the  greater  the  disturbance  of 
the  mechanism  and  the  greater  the  difficulty  of  effecting  throu^ 
conscious  effort  all  the  muscular  adjustments  necessary  to  maintain 
the  balance.  The  disturbances  of  equilibrium  are,  therefore,  of  a 
more  enduring  character,  and  it  is  only  by  a  long  process  of  training 
that  volitional  accommodation  replaces  a  mechanism  essentially 
independent  of  consciousness.  Even  should  this  point  be  reached, 
the  constant  attention  necessary  to  preserve  steadiness  of  movement 
and  prevent  displacement  of  equilibrium  would  be  a  heavy  strain  on 
the  animal's  power;  and  it  would  be  in  accordance  with  this  condition 
that  prolonged  or  varied  muscular  exertion  should  €ause  great 
apparent  exhaustion,  actually  verified  by  experiments  on  animiJs. 

a.  Relation  between  Cerebellar  Development  and 

Equilibratory  Power. 

Every  form  of  active  muscular  exertion  necessitates  the  simul- 
taneous co-operation  of  an  immense  assemblage  of  muscular 
movements  throughout  the  body  to  secure  steadiness  and  maintain 
the  general  equilibrium;  and  on  the  hypothesis  that  the  cerebellum 
is  the  centre  of  these  unconscious  adjustments,  we  should  expect  the 
cerebellum  to  be  developed  in  proportion  to  the  variety  and  com- 
plexity of  the  motor  activities  of  which  the  animal  is  capable.  The 
facts  of  comparative  anatomy  and  development  are  entirely  in 
harmony  with  this  hypothesis.  In  the  reptiles  and  amphibia,  whose 
movements  are  groveling  and  sluggish  or  of  the  simplest  combination, 
the  cerebellum  is  of  the  most  rudimentary  character,  while  in  mammals 
it  is  richly  laminated  and  the  lateral  lobes  highly  developed  in  pro- 
portion to  the  motor  capabilities,  represented  in  the  motor  zone  of 
the  cerebral  hemispheres. 

If  we  compare  the  relative  development  of  the  cerebellum  in 
the  several  orders  of  the  same  class  of  animals  we  find  it  highest 
in  those  which  have  the  most  active  and  varied  motor  capacities, 
irrespective  of  the  grade  of  organization  otherwise;  and  the  cere- 
bellum of  the  adult  is,  relatively  to  the  cerebrum,  much  more  highly 
developed  than  that  of  the  newborn  infant,  a  relation  which  evidently 
coincides  with  the  growth  and  development  of  the  muscular  system. 
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b.  The  Maintenance  of  Equilibrium. 

This  involves  the  conjoint  operation  of  three  separate  factors: 
(j)  A  system  of  afferent  nerves  and  organs,  (ii)  A  co-ordinating  centre. 
(hi)  Efferent  tracts  in  connection  with  the  muscular  apparatus  con- 
cerned in  the  action.  The  faculty  of  equilibration  is  overthrown  by 
lesions  of  the  afferent  apparatus  alone  or  by  lesions  of  the  co-ordinating 
centre  alone,  or  by  lesions  of  the  efferent  tract  alone,  or  by  conjoint 
lesions  of  all.  Various  degrees  and  forms  of  disturbance  of  this 
function  will  result,  according  to  the  nature,  extent,  and  position  of 
the  lesion.  In  many  respects  the  maintenance  of  the  equilibrium 
resembles  the  tone  of  the  muscles.  Lesions  of  the  afferent  nerves, 
central  ganglia,  or  motor  nerves  destroy  the  tone  of  muscles,  and 
according  as  this  occurs  in  both  or  only  in  one  group  of  antagonistic 
muscles  we  have  complete  muscular  flaccidity,  flexion,  or  distortion. 
So  in  regard  to  equilibrium,  similar  lesions  may  cause  complete 
overthrow,  or  various  forms  of  distortion  such  as  reeling,  staggering, 
rotation,  etc. 

1.  The  Afferent  Apparatus. — ^The  co-ordinating  centre  or  cere- 
bellum apparently  derives  its  data  for  equilibration  from  four  main 
sources.  These  four  systems  of  sources  are:  (i)  Organs  for  the 
reception  and  transmission  of  muscular  sense  impulses,  (ii)  Organs 
for  the  reception  and  transmission  of  tactile  impressions,  (iii)  Organs 
for  the  reception  and  transmission  of  visual  impression,  (iv)  The 
semicircular  canals  of  the  internal  ear,  and  their  afferent  nerves. 
Each  of  these  systems  will  be  considered  separately. 

(a)  The  Influence  of  Muscular  Sense  Impulses. — ^^rhe  importance  of 
a  proper  conduction  of  impulses  to  the  cerebellum  is  extremely  well 
illustrated  in  those  cases  of  spinal-coid  disease  in  which  the  direct 
cerebellar  tract  is  injured.  For  example,  in  the  disease  known  as 
hereditary  cerebellar  ataxia,  where  the  ataxia  is  unquestionably 
exquisitely  cerebellar  in  type,  the  chief  lesions  are  found  not  in  the 
cerebellum,  but  in  the  spinal  cord,  in  the  fibres  which  conduct  muscle 
and  joint  sensory  impulses  to  the  cerebellum.  The  cerebellum  thus 
directly  derives  a  vast  amount  of  information  from  the  muscles,  joints, 
bones,  and  deep-lying  structures,  particularly  concerning  their 
absolute  position,  and  also  concerning  their  position  with  reference 
to  other  structures.  These  impulses  are  conducted  to  the  cere- 
bellum by  the  direct  cerebellar  tract  through  the  corpus  restiforme 
to  the  hemisphere  of  the  same  side,  or  by  way  of  the  anterolateral 
ascending  cerebellar  tract  of  Growers  through  the  superior  cere- 
bellar peduncle. 

The  cerebellum  doubtless  also  derives  information  of  this  character 
by  another  pathway.  It  is  known,  for  example,  as  has  already  been 
pointed  out,  that  the  columns  of  (roll  and  Burdach,  which  carry 
muscle  and  joint  sensory  impulses  to  the  cerebral  hemispheres  by 
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way  of  the  cells  of  the  nucleus  gracilis  and  cuneatus  throu^  the 
mesial  fillet,  transfer  some  of  these  impulses  to  the  cerebellum  from 
those  nuclei  by  way  of  the  dorsal  external  arcuate  fibres  irfiidi 
ascend  through  the  corpus  restiforme  of  the  same  side  to  the  cere- 
bellar hemisphere.  The  olivary  bodies  are  also  undoubtedly  con- 
cerned in  some  manner  with  the  conduction  of  these  impulses 
(although  the  anatomic  pathway  is  at  present  vaguely  understood), 
because  if  they  be  injured  disturbances  of  equilibrium  result,  with 
rolling,  forced  movements,  and  deviation  of  the  optic  axes  similar  to 
those  caused  by  lesions  of  the  middle  cerebellar  peduncles.  Snce 
all  of  these  spinal  cerebellar  pathways,  except  Gowers'  tract,  and 
since  the  oUvary  cerebellar  pathways  all  pass  to  the  cerebellum  by 
way  of  the  corpus  restiforme,  lesions  of  the  latter  should  give  cere- 
bellar symptoms.  If  they  are  examined  for  the  purpose  of  ascertain- 
ing this  point,  it  will  be  found  that  most  tiurbulent  disorders  of 
co-ordination  and  equilibration  follow,  so  closely  resembling  those  of 
lesions  of  the  cerebellum  itself  as  to  make  a  differential  diagnosis 
extremely  difficult. 

(6)  The  Influence  of  Tactile  Impreasiona. — ^A  frog  deprived  of  its 
cerebral  hemispheres,  but  in  which  the  optic  lobes  and  cerebellum 
are  intact,  still  preserves  the  power  of  maintaining  its  equilibrium. 
If  now  the  skin  be  removed  from  the  hinder  extremities  the  animal 
at  once  loses  this  power,  and  falls  like  a  log  when  the  basis  of  support 
is  tilted.    The  removal  of  the  skin  has  destroyed  the  receptive  organs 
of  those  sensory  impressions  which  are  necessary  to  excite  the  co-ordi- 
nating centre  so  that  the  various  combinations  of  muscles  shall 
maintain  the  animal  in  equilibrium.    It  is  a  law  laid  down  by  Volk- 
mann,  and  verified  by  all  subsequent  obser\'ers,  that  reflex  reactions 
are  more  capable  of  being  excited  by  impressions  on  the  peripheral 
extremities  of  afferent  ner\'es  than  by  stimuli  applied  to  any  other 
part  of  their  course.     A  similar  result  ensues  in  man,  as  has  been 
shown  by  Heyd  when  the  soles  of  the  feet  are  rendered  insensible  by 
chloroform  or  refrigeration.    The  indi\ndual  experiences  great  diffi- 
culty in  maintaining  equilibrium  when  further  embarrassed  byshutting 
his  eyes,  and  he  oscillates  and  sways  in  a  very  pronounced  manner. 
In  locomotor  ataxia  the  same  oscillation  is  observed,  and  it  is  due, 
in  part,  to  the  same  cause.     In   this   disease    there   is   frequently, 
among  other  s\Tnptoms,  diminution  or  absence  of  sensibility  to  tactile 
impressions  in  the  feet,  so  that  the  patient  feels  as  if  something  soft 
wore  interposed  between  them  and  the  ground,  or  he  does  not  feel 
the  ixround  at  all.    The  impairment  or  aboUtion  of  tactile  sensibility 
is  capable  of  l>eing  compensated  for,  up  to  a  certain  point  at  least, 
by  visual  and  other  forces,  but  when  the  eyes  are  shut,  or  the  lig^t 
withdrawn,  equilibrium  becomes  difficult  or  impossible. 

On  the  whole  the  influence  of  such  tactile  impressions,  while 
important,  is  much  less  than  the  influence  of  visual  impressions  in 
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the  preservation  of  the  equilibrium;  for  even  a  normal  individual  who 
stands  with  his  feet  close  together  and  his  eyes  closed  perceives  more 
or  less  oscillation. 

The  pathway  by  which  tactile  impressions  reach  the  cerebellum  is 
obscure.  Possibly  they  leave  the  fillet  by  way  of  the  ventral  external 
arcuate  fibres,  which  arborize  about  the  cells  of  the  nucleus  arcuatus. 
The  axones  of  these  cells  then  proceed  up  the  corpus  restiforme  into 
the  cerebellum.  The  whole  matter,  however,  must  be  admitted  to 
be  at  present  speculative.  It  is  evident  that  the  evidence  must  be 
wholly  anatomic  and  not  physiologic,  because  we  are  not  conscious 
of  the  impulses  which  go  to  the  cerebellum.  Therefore,  even  though 
a  large  tract  of  fibres  conveying  tactile  impulses  should  pass  into  the 
cerebellum  by  the  corpus  restiforme,  lesions  of  the  latter  could 
produce  absolutely  no  subjective  tactile  losses  on  the  part  of  the 
individual.  That  the  cerebellum  must  receive  tactile  impulses 
concerned  in  the  maintenance  of  equilibration  is  proved  by  the 
frog  experiment  mentioned  in  the  beginning  of  the  first  paragraph 
on  this  subject. 

(c)  The  Inflaenca  of  Visual  Impressions. — ^Equilibration  and  motor 
co-ordination  may  be  acquired  in  the  first  instance  and  exercised 
without  the  aid  of  the  eyes,  as  exemplified  in  those  bom  blind.  But 
in  general  the  motor  adjustments  used  in  regulating  equilibrium  are 
guided  by  the  sense  of  sight.  The  child  who  learns  to  walk  keeps  his 
eyes  continually  on  his  limbs  and  the  surrounding  objects,  and  sees 
that  his  movements  are  made  in  accordance  with  the  end  desired. 

When  the  movements  become  organized  and  automatic  by  frequent 
repetition  the  guidance  of  the  eyes  ceases  to  be  so  necessary;  and 
the  impressions,  conditioned  by  the  movements  themselves,  are 
sufficient  to  ensure  the  requisite  simultaneous  and  successive  motor 
adjustments.  But  even  then  visual  impressions,  though  not  closely 
affecting  consciousness,  are  not  inoperative,  as  is  proved  by  the 
uncertain  and  wavering  character  of  motor  adjustments,  even  of  the 
most  habitual  or  automatic  character,  when  the  eyes  are  shut  or  the 
light  withdrawn.  When  there  is  defect  or  total  default  of  tactile 
sensibility,  equilibration  is  impossible,  except  with  the  aid  of  vision. 
The  sense  of  sight  may  compensate  for  a  total  absence  of  tactile 
(including  muscular)  sensibility,  and  an  individual  who  has  no 
sensibility  in  his  lower  extremities,  and  who  falls  like  a  log  when  he 
shuts  his  eyes,  may  stand  or  walk  if  he  looks  at  his  feet.  This,  how- 
ever, always  implies  strained  effort  and  speedily  induces  fatigue. 

It  would  seem  that  the  act  of  keeping  the  eyes  open  is  of  itself 
an  aid  to  equilibration,  though  the  eyes  are  us(4ess  as  organs  of 
vision.  It  has  l)een  observed  that  patients  suffering  from  locomotor 
ataxia  who  were  entirely  blind  before  acquiring  that  disease,  and 
able  to  stand  with  their  eyes  oj>eii,  oscillate  much  nion»  when  they 
are  shut.    This  is  probably  due  to  the  interruption  of   the  act  of 
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fixed  attention,  of  which  the  steady  gaze,  even  with  sightless  orbs, 
is  the  physical  expression. 

The  influence  of  vision  on  equilibration  is  further  shown  in  the 
disturbances  created  by  unusual  movements  in  the  field  of  vision, 
either  by  movements  of  the  objects  themselves,  or  induced  by  faults 
in  the  oculomotor  apparatus.  We  associate  position  in  space,  not 
only  with  certain  tactile  sensations,  but  with  a  certain  definite  relation 
to  surrounding  objects.  When  the  whole  field  of  vision  is  in  motion, 
or  the  positions  of  familiar  objects  are  distorted  by  obliquity  of  the 
optic  axis,  there  is  a  disturbance  of  the  customary  relations  between 
the  visual  and  tactile  sensations  and  a  distressing  sense  of  insecurity 
results — ^the  individual  not  being  able  to  discriminate  clearly  whether 
he  himself  or  the  objects  around  him  are  in  motion  or  displaced. 
The  diflBculty  of  equilibration  under  such  circumstances  gives  rise 
to  the  sense  of  vertigo,  which  is  merely  the  subjective  side  of  the 
physiologic  disturbance.  Oscillation  of  the  eyeballs  or  nystagmus, 
or  the  occurrence  of  paralysis  in  one  of  the  ocular  muscles,  such  as 
the  external  rectus,  is  a  familiar  cause  of  the  vertigo  which  is  caused 
by  a  lack  of  harmony  between  the  visual  and  tactile  experiences  and 
associations  of  our  relations  to  surrounding  objects.  It  was  long  ago 
found  by  Cyon  that  pigeons  are  similarly  aflFected  by  distortion  of 
the  optic  axis.  On  placing  prisms  before  their  eyes  he  obsen^ed 
marked  disorder  of  equilibrium  amounting,  in  some  cases,  to  actual 
falling  down. 

The  course  of  the  pathway  taken  by  visual  impulses  toward  the 
cerebellum  is  very  uncertain.  It  is  well  known,  however,  in  accord- 
ance with  the  teachings  of  Edinger  and  others,  that  fibres  proceed 
from  the  corpora  quadrigemina  anteriora  backward,  decussating, 
and  passing  through  the  superior  cerebellar  peduncle  to  the  cere- 
bellum ;  for  when  the  latter  are  sectioned  fibres  of  degeneration  are 
to  be  found  upon  the  cerebellar  side  of  the  severed  peduncle. 

A  speculative  digression  at  this  point  may  not  be  amiss.  The 
cerebellum  is  in  our  present  knowledge  an  undifferentiated  organ, 
injury  of  any  part  of  which  alike  causes  cerebellar  ataxia.  It  is  even 
stated  by  clinicians  that  one  portion  of  the  cerebellum  may  act 
vicariously  for  another.  Is  it  not  equally  probable  that  the  cere- 
bellar cortex  is  highly  differentiated;  that  one  area  receives  muscle 
and  joint  sense  impulses  from  one  side  of  the  body,  and  a  bilaterally 
symmetric  area  receives  impulses  of  the  same  nature  from  the 
opposite  side;  that  certain  areas  are  for  the  reception  of  impulses  of 
touch  very  necessary  for  preservation  of  equilibrium ;  that  other  areas 
are  devoted  to  the  reception  of  visual  impulses,  still  others  to  laby- 
rinthine impressions?  If  such  were  the  case,  physiologic  experiment, 
since  it  could  give  information  of  an  objective  nature  only,  would  be 
utterly  useless  in  mapping  out  the  cerebellar  cortex,  since  but  one 
symptom  would  be  produced,  cerebellar  ataxia  and  vertigo.    Such 
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a  view  of  the  cerebellum,  even  though  hypothetic,  is  vastly  superior 
to  the  one  which  by  analogy  we  know  must  be  false,  namely,  that 
the  cerebellar  cortex  is  undifferentiated;  and  such  a  view  indicates 
that  the  anatomist,  by  mapping  the  afferent  tracts  accurately,  will  be 
the  first  to  indicate  the  functional  differentiation  of  the  cerebellar 
cortex. 

{d)  The  Inflaenca  of  Labyrinthine  Impressions. — ^The  relation  between 
the  cerebellum  and  the  auditory  nerve  is  suggested  by  anatomic 
considerations.  The  so-called  auditory  nerve  ought  to  be  sub- 
divided into  the  vestibular  nerve,  or  nerve  of  tonus,  co-ordination, 
and  equilibration,  and  the  cochlear  nerve,  or  nerve  of  hearing,  just 
as  in  times  past  the  seventh  nerve  of  Willis  became  generally  known 
as  the  facisd  nerve  and  the  auditory  nerve.  The  vestibular  nerve 
passes  from  the  ampullae  of  the  semicircular  canals  partly  to  the 
dorsal  auditory  nucleus,  and  partly  to  the  cerebellum,  perhaps 
directly,  by  way  of  Edinger's  direct  sensory  cerebellar  tract  in  the 
inner  division  of  the  corpus  restiforme.  This  dorsal  auditory  nucleus 
is  further  connected  on  the  one  hand  with  the  superior  olive,  having 
connections  with  the  posterior  quadrigeminal  bodies,  and  on  the 
other  hand  with  the  cerebellum.  Further  than  this  almost  nothing 
is  known  of  the  central  path  of  the  nerve.  The  cochlear  division  of 
the  auditory  nerve  seems  to  have  nothing  to  do  with  the  cerebellum 
physiologically,  because  lesions  of  the  cerebellum  do  not  impair  the 
sense  of  hearing  in  animals,  nor  do  diseases  of  the  cerebellum  in  man 
cause  deafness,  except  in  such  cases  as  lead  to  direct  implication 
by  means  of  pressure  or  otherwise  of  the  cochlear  division  of  the 
auditory  nerve  or  the  ventral  auditory  nucleus. 

There  is  thus  an  important  influence  exerted  by  the  semicircular 
canals  upon  the  function  of  equilibration,  and  we  have  just  noted 
the  anatomic  foundation  for  this  influence  in  the  connections  which 
exist  between  the  labyrinth  and  the  cerebellum.  There  is,  further, 
a  remarkable  and  significant  similarity  between  lesions  of  the  indi- 
vidual semicircular  canals  and  injury  of  certain  regions  of  the  cere- 
bellum, and  also  between  direct  irritation  of  the  canals  and  electric 
irritation  of  different  portions  of  the  cerebellar  cortex.  Experiments 
involving  the  local  irritation  of  the  labyrinth  in  man  have  led  to  an 
hypothesis  which  assumes  that  stimulation  of  the  superior  vertical 
canal  causes  phenomena  similar  to  those  produced  by  irritation  of 
the  posterior  cerebellar  centres;  stimulation  of  the  posterior  vertical 
canal,  phenomena  similar  to  those  produced  by  irritation  of  the 
anterior  cerebellar  centres;  and  stimulation  of  the  horizontal  canal, 
phenomena  similar  to  those  produced  by  irritation  of  the  lateral 
cerebellar  centres. 

Various  forms  of  irritation  applied  to  the  semicircular  canals  also 
bring  out  ocular  movements  and  movements  of  the  head  and  body 
exacdy  like  those  produced  by  stimulation  of  various  portions  of 
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the  cerebellum.  Similarly,  if  air  or  liquids  be  injected  into  the  ear 
of  man  where  the  membrana  tympani  has  been  ruptured,  the  eyes 
turn  to  right  or  left,  depending  upon  the  side  which  is  injected,  and 
a  feeling  of  vertigo  occurs.  According  to  the  observations  of  Flouiens 
and  Cyon  on  pigeons,  when  the  horizontal  canal  is  divided  on  the 
side,  the  head  is  thrown  into  a  series  of  oscillations  in  a  horizontal 
plane  around  the  vertical  axis.  When  the  posterior  vertical  canals 
are  divided  the  disturbance  of  equilibration  is  of  a  similar  character, 
but  more  violent.  In  this  case  the  movements  of  the  head  are  in  a 
vertical  plane  around  a  horizontal  axis.  Section  of  the  posterior 
vertical  canals  causes  movements  of  the  head  from  behind  forward 
and  from  right  to  left,  or  vice  versa.  There  is  profound  disturbance 
of  equilibration  and  the  animal  tends  continually  to  turn  somersaults 
heels  over  head.  The  plane  of  the  movements  of  the  head  in  this 
case  is  diagonally  around  a  horizontal  axis.  Thus,  analysis  of  the 
movements  consequent  on  'section  of  the  respective  canals  shows 
that  they  take  place  in  the  plane  of  the  canals  operated  on. 

It  has  been  observed  that  the  disturbances  of  equilibrium  after 
section  of  one  or  more  of  the  canals  on  one  or  both  sides  are  of  com- 
paratively short  duration.    When  the  whole  of  the  semicircular  canals 
on  one  side  are  destroyed  the  disturbances  of  equilibrium  are  also 
transitory.     When  all  the  canals  are  destroyed  on  both  sides  the 
distiurbances  of  equilibration  are  of  the  most  pronounced  character. 
Goltz  describes  a  pigeon  so  treated,  which  always  kept  its  head  with 
the  occiput  touching  the  breast,  the  vertex  directed  downward  with 
the  right  eye  looking  to  the  left,  and  the  left  looking  to  the  right, 
the  head  being  almost  incessantly  swung  in  this  position  in  a  pendu- 
lum-like manner.    Cyon  says  it  is  impossible  to  give  an  idea  of  the 
perpetual  movements  to  which  the  animal  is  subject.    It  can  neither 
stand,  nor  lie  still,  nor  fly,  nor  maintain  any  fixed  attitude.    It  executes 
violent  somersaults,  now  forward,  now  backward,  rolls  round  and 
round,  or  springs  in  the  air  and  falls  back  to  recommence  anew. 
It  is  necessary  to  envelop  the  animals  in  some  soft  covering  to  prevent 
their  dashing  themselves  to  pieces  by  the  violence  of  their  move- 
ments, and  even  this  is  not  always  successful.    The  extreme  agitation 
is  manifest  only  during  the  first  few  days  following  the  operation, 
and  the  animal  may  then  be  set  free  A\athout  danger,  but  is  still 
unable  to  stand  or  walk,  and  tumultuous  movements  come  on  from 
the  slightest  disturbances. 

The  phenomena  observed  in  connection  with  le^n  of  Ae  seni- 
circular  canals  clearly  jx)int  to  these  organs  as  the  source  of  impres- 
sions which  art*  necessary  for  the  maintenance  of  the  •equilibrium, 
and  witliout  which  optic  and  tactile  impressions  alone  barely  suffice 
even  after  pn)longed  education. 

LocoMOTiox. — Animals  deprived  of  their  cerebral  hemispheres 
are  not  only  able  to  maintain  their  equiUbrium,  but  are  also  capable 
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of  co-ordinated  locomotion  in  their  usual  manner.  Locomotion 
involves  a  vast  complexity  of  motor  adjustments  of  the  head,  trunk, 
and  limbs,  beyond  the  simple  combinations  of  the  muscles  of  the 
limbs  which  are  co-ordinated  in  the  spinal  cord.  The  centre  of 
gravity  is  continually  varying  with  each  movement  of  the  limbs; 
this  necessitates  perpetual  readjustment  of  the  tnmk  and  limbs. 
By  stimulation  of  the  spinal  cord  below  the  calamus  scriptorius  the 
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Diagram  showing  mutual  relations  of  the  cerebral  hemisphere,  cerebellar  bemiiipberc,  and 
apinal  cord :  a,  corticopontine  neurone;  h,  pontine-cerebellar  neurone;  r,  oerebelloflpinaliB 
neurone;  d,  pyramidal  fibre,  decusHating  in  medulla;  e,  motor  cells  of  anterior  horn  of  the  spinal 
oocd. 

Umb»of  rabbits,  as  shown  by  Taidwig,  may  be  thrown  into  co-onlinated 
and  alternating  actions,  such  as  running  and  leaping,  but  the  spinal 
centres  alone  an*  unable  to  provide  for  the  extH.»ution  of  these  move- 
ments. These  recjuire  the  presence  and  activity  of  the  mesencephalic 
and  cerebellar  centres.  When  one  leanis  to  execute  movements,  the 
sense  of  vision  aids  in  a  large  measure  in  directing  the  body  and 
limbs  to  carry  out  the  end  d(\sired,  and  one  is  guided  also  by  the 
sensations   and    impressions   arising  in   connection    with    muscular 
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action.  \Vhen  these  movements  have  been  learned  neither  vision 
nor  the  sense  of  muscular  action  seems  necessary  and  the  most 
complex  co-ordinations  can  be  executed  with  precision  without 
attention  or  consciousness.  What  has  at  one  time  required  a  conscious 
effort  becomes  an  organized  reflex,  provided  for  in  the  mechanism 
of  the  lower  centres. 

2.  The  Oo-ordinating  Centre.— From  what  has  been  aheady  said 
it  is  very  evident  that  the  cerebellum  is  the  co-ordinating  centre;  and 
it  is  equally  evident  that  the  .centre  is  one  which  does  not  function 
uniformly  throughout  its  cortex,  but  is  one  in  which  there  is  division 
of  labor  in  the  same  manner  that  there  is  in  the  cerebral  hemisphere. 

3.  The  Efferent  Mechanism  is  imperfectly  known  as  yet.  In 
treating  the  cord  as  a  conductor  of  descending  cerebellar  impulses, 
the  statement  was  made  that  the  pathway  taken  by  them  was  down 
the  anterolateral  descending  cerebellar  path  of  Lowenthal  and 
Marchi,  or  else  down  Deiters'  tract  (tractus  acusticospinalis),  or 
else  down  both  of  them.  These  paths  run  in  the  anterolateral  area 
of  the  spinal  cord  and  end  by*  arborizing  about  the  motor  cells  of  the 
ventral  horn,  these  latter  being  also  under  the  stimulating  influence 
of  the  pyramidal  fibres.  The  mechanism  of  action  is  indicated  in 
Fig.  282,  which  shows  how,  from  the  cerebral  cortex,  the  cortico- 
pontine-cerebellar spinal  tract  on  the  one  hand  and  the  cortico- 
spinal or  pyramidal  tract  on  the  other  hand  arrive  at  the  same  ventral 
motor  cell.  Thus  with  the  volitional  impulse  the  co-ordinating  impulse 
is  simultaneously  delivered. 

c.  Pathologic  Physiology  of  Equilibration. 

Tumors  of  the  cerebellum  give  rise  to  sjmptoms  which  throw  a 
great  deal  of  light  upon  the  functions  of  the  cerel>ellum,  and  the 
experimentalists,  especially  Luciani  and  Thomas,  have  done  much 
in  establishing  cerebellar  sjTnptomatology.  The  cerebellum  plays  both 
a  static  and  a  djiiamic  part,  interference  with  the  former  function 
entailing  disturbance  of  equilibration,  both  standing  and  walking; 
and  interference  with  the  latter  entailing  asthenia  and  atonia.  ITiere 
are,  then,  three  cardinal  symptoms  of  cerebellar  lesions  in  general: 
(i)  asthenia,  diminution  in  the  energj'  of  contractions;  (ii)  aionia, 
flaccidity  of  the  muscles;  and  (iii)  astasia,  disturbance  of  the  equili- 
bratory  function.  This  latter  s\Tnptom  has  l)een  hitherto  more  or 
less  confused  under  the  general  terms  of  cerebellar  ataxia  and  cere- 
bellar asMiergy. 

1.  Astasia. — Disturbance  of  the  equiHbratory  function  leads  to  a 
peculiar  reeling,  drunken  man's  gait,  vertigo  being  the  leading 
feature.  The  patient  stands  with  legs  far  apart  upon  a  broa<l  base 
of  support,  the  head  and  body  inchned  toward  the  side  of  the  lesion 
if  the  latter  is  irritative,  and  the  legs  trembling  more  or  less  violently. 
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If  he  walks  he  turns  to  the  side  toward  which  the  body  is  arched; 
he  therefore  cannot  walk  a  straight  line,  but  instead  festoons  along. 
There  is  a  marked  tendency  to  fall  toward  the  side  of  the  lesion, 
though  there  are  some  exceptions  to  the  rule.  Tliough  conmion 
usage  has  sanctioned  the  term  "cerebellar  ataxia,"  there  is  no  real 
ataxia;  it  is  merely  a  loss  of  co-ordination.  Indeed,  it  is  likely  that 
it  depends  in  part  or  largely  upon  a  loss  of  the  faculty  of  rapidly 
associating  various  movements,  a  kind  of  cerebellar  asynergy,  already 
referred  to  as  diadocokinesia. 

2.  Atonia. — ^The  atonia  is  betrayed  by  the  patient's  posture  in  the 
upright  position.  There  is  flaccidity  to  the  point  of  complete  loss 
of  tonus  on  the  side  of  the  body  which  is  the  seat  of  the  destructive 
cerebellar  lesion;  consequently,  the  body  is  arched  to  the  opposite 
side  and  the  spinal  column  is  curved  (skoliosis).  If  the  lesion  be 
irritative  there  is  increased  tonus  on  the  diseased  side,  and  the  body 
is  arched  with  the  convexity  away  from  the  side  of  the  lesion.  To 
Luciani  the  credit  of  elucidating  this  symptom  is  very  largely  due. 
It  is  splendid  proof  that  the  preservation  of  tonus  is  an  important 
function  of  the  cerebellum. 

3.  Asthenia. — ^There  is  usually  present  in  cerebellar  lesions  a 
marked  asthenia,  frequently  so  much  so  as  to  suggest  paresis  or 
paralysis,  the  patient  being  unable  to  execute  certain  movements, 
to  walk,  or  even  to  stand.  If  the  patient  attempts  to  walk  exhaustion 
rapidly  follows,  and  he  falls  unless  supported.  The  weakness,  as  a 
rule,  is  associated  with  violent  trembling  of  the  legs.  Not  only  is 
there  asthenia  of  the  lower  extremities,  the  upper  are  also  involved. 
The  arms  and  hands  tremble  violently;  they  are  unskilful,  clumsy, 
especially  in  voluntary  movements,  "^rhese  disturbances  sometimes 
have  a  choreic  appearance,  or  are  suggestive  of  the  intention  tremor 
of  multiple  sclerosis.  The  arms  are  asthenic,  weak,  and  rapidly  tire. 
ITie  early  fatigue  is  perhaps  due  to  the  fact  that  the  cerebral  hemi- 
spheres, acting  vicariously  as  a  co-ordinating  mechanism,  rapidly 
become  exhausted.  Even  the  sj)eech  is  affected,  scanning  and 
delayed  enunciation  having  been  noted. 


E.  THE  PHTSIOLOOT  OF  THE  MESENCEPHALON. 

The  fully  developed  mesencephalon  is  neither  an  anatomic  nor 
a  physiologic  unit.  It  hius,  therefore,  no  single  fimction;  its  functions 
are  rather  those  of  its  constituent  parts.  Of  these  the  most  important 
are:  (i)  the  posterior  quadrigeminal  IkkHcs;  (ii)  the  anterior  quadri- 
geminal  bodies;  (in)  the  cerelH»IIocerebral  pathway;  (iv)  the  nuclei  of 
the  third  and  fourth  cranial  nerves;  (v)  the  pes  pedunculi. 
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a.  Normal  Physiology. 

1 .  The  Posterior  Qoadrigenmial  Bodies.— The  fibrous  connectioiis 
of  these  bodies  are  with  the  lateral  fillet  and  the  cortex  of  the  temporal 
lobe.  The  fibres  of  the  lateral  fillet  come  wholly  from  the  nuclei  of 
termination  of  the  cochlear  neire  or  tlie  nerve  of  hearing;  and  the 
accompanying  diagram  from  Edinger  {Fig,  283),  showing  the  detailed 
anatomy  of  the  cochlear  nerve,  excellently  illustrates  the  mutual 
relationships  between  the  nerve  of  heanng,  the  posterior  quadii- 
gerainal  bodies,  and  the  temporal  auditory  cortex, 

TTie  posterior  corpora  quadrigemina,  viewed  supwrfidally,  are 
apparently  related  through  their  corresponding  brachia  to  the  ^^sual 
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apparntii^,  but  it  is  mo.st  improbable  that  they  contain  fibres  vrhich 
are  iwetl  in  vision,  'lliis  is  more  e\ndent  because,  when  the  eyeball 
is  extirj)atcd  in  a  young  animal,  the  posterior  corpus  quadrigeminum 
remains  unaffecteil. 

The  chief  function  of  the  po.stcrior  quadrigeminal  bodies  is  eloselj 
related  to  licariiig.  This  is  indicated  by  their  fibrous  connections 
with  the  cochlear  nerve  through  the  lateral  fillet  and  the  auditorj- 
cortex.  Moreover,  the  results  of  experimental  investigations  in 
(legeueriitioii  aceord  with  this  view.  After  destruction  of  the  auditor.- 
ncr\c  nuclei,  tlu-  secondary  fibre  system  degenerates  on  the  oppoMte 
side  as  far  a.s  Ihe  ({uadrigeminal  bodies.    Moreover,  in  general,  the 
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posterior  quadrigeminal  bodies  are  well  developed  in  those  animals 
alone  in  which  there  is  a  well-developed  cochlea.  Clinically,  too, 
deafness  has  been  caused  (Gowers)  by  disease  of  these  bodies. 

It  has  been  affirmed  by  many  experimentalists  and  not  a  few 
clinicians  that  disease  of  the  posterior  quadrigeminal  bodies  produces 
disturbances  of  co-ordination  and  equilibration.  It  must  be  under- 
stood, however,  that  a  diseased  focus  is  rarely,  if  ever,  limited  to  the 
corpora  quadrigemina  posteriora  alone;  neighborhood  symptoms,  as 
they  are  conveniently  called,  invariably  occur.  The  disturbances 
of  co-ordination  resulting  are  doubtless  due  to  some  interruption  in 
the  underlying  cerebellocerebral  pathway,  because  the  ataxia  pro- 
duced is  distinctly  cerebellar  in  type. 

2.  The  Anterior  QoadrigemixiiGd  Bodies. — (a)  The  Fibrous  Oon- 
nections  of  these  bodies  are  with  the  lateral  and  mesial  fillets,  the 
superior  brachium,  and  the  nucleus  of  the  motor  oculi  nerve. 

(a)  The  Fillet  fibres  pass  into  the  stratum  lemnisci  of  the 
anterior  quadrigeminal  bodies  and  apparently  end  there.  That 
part  of  the  mesial  fillet  which  so  terminates  is  usually  known  as 
the  superior  fillet.  The  physiologic  explanation  of  these  fibres 
is  unknown. 

0?)  The  Superior  Brachium  contains  fibres  coming  to  the 
anterior  quadrigeminal  bodies  from  two  sources :  (i)  from  the  lateral 
root  of  the  optic  tract  on  its  way  from  the  retinal,  and  (ii)  from  the 
occipital  cortex,  coming  through  the  optic  radiations  of  Gratiolet. 
The  retinal  fibres  first  spread  out  on  the  surface  of  the  quadrigemi- 
nal bodies,  forming  the  stratum  zonale,  and  subsequently  end  by 
arborizing  about  the  cells  of  the  underlying  layers.  The  occipital 
fibres  end  by  arborizing  about  the  cells  of  the  stratum  opticum. 

(r)  The  Fibres  to  the  Nucleus  Oci'LOmotorius  are  the 
axones  of  cell  bodies  situated  in  the  anterior  corpora  quadrigemina. 
They  end  by  arborizing  about  the  cells  of  the  subnuclei  of  the 
third  nucleus.     Fig.  284  shows  these  anatomic  connections. 

TTie  optic  lobes  or  corpora  bigemina  of  fishes,  batrachians,  and 
birds,  are  structurally  homologous  with  the  anterior  corpora  quad- 
rigemina of  mammals. 

TTie  facts  of  anatomy  as  well  as  those  of  physiologic  and  pathologic 
experiments  indicate  that  the  corpora  quadrigemina,  though  not  the 
centres  of  vision  proper,  are  centres  of  co-ordination  between  retinal 
impressions  and  motor  reactions  or  adjustments  of  considerable 
complexity.  It  is  difficult,  if  at  all  possible,  to  differentiate  clearly 
between  the  effects  of  lesions  of  the  corpora  quadrigemina  and  of 
those  tracts  with  which  they  are  related.  In  this  connection  a  study 
of  Fig.  285  may  be  suggestive.  After  extirpation  of  the  eyeball  in 
lower  animals  the  stratum  zonale  atrophies,  and  in  moles  this  layer 
is  rudimentary.  Evidently  the  anterior  quadrigeminal  bodies  are 
chiefly  concerned  with  ocular  and  pupillary  movements.    That  such 
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movements  take  place  independently  of  the  cerebral  cortex  is  proved 
by  the  fact  that  when  the  hemispheres  are  removed  the  pupils  will 
contract  to  light,  and  the  eyes  are  moved  in  response  to  retinal 
impressions  and  in  accordance  with  variations  in  the  position  of 
bead  and  body. 

(b)  Relation  to  Vision. — ^That  destruction  of  the  optic  lobes  in  lower 
animals  undoubtedly  causes  blindness  has  long  been  known.  Ilus 
Flourens  found  that  such  destruction  in  birds  caused  blindness  utd 


dilatation  of  the  pupils  with  cessation  of  their  reactions  to  li^t; 
and  he  also  found  that  the  relations  of  the  optic  lobes  were  entirely 
crossed — e.g.,  destruction  of  the  left  lobe  causing  total  loss  of  vision 
in  the  right  eye  and  destruction  of  the  right  lobe  causing  total  loss  of 
vision  in  the  left  eye.  The  crossed  relations  between  the  eyes  and 
optic  lobes  have  their  foundation  in  the  decussation  of  the  optic 
tracts  in  the  optic  chiasms,  but  the  extent  of  the  decussation  varies 
in  different  animals.     For  example,  in  cats  and  dogs  experiments 
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have  shown  tliat  after  enucleation  of  one  eye  partial  atrophy  occurs 
in  both  optic  tracts,  but  to  a  much  greater  extent  in  the  tract  of  the 
opposite  side. 

In  man  it  is  not  probable  that  the  anterior  quadrigeminal  bodies 
are  directly  concerned  in  the  function  of  vision.  Those  clinical  cases 
where  such  blindness  occurs  have  been  invariably  due  to  tumors, 
and,  as  Clowers  observes,  were  sufficiently  explained  by  the  optic 
neuritis  present.  In  man  stimulation  of  the  anterior  pair  produces 
dilatation,  first  of  the  opposite  pupil  and  then  of  the  homolateral 
pupil.     Indeed,  the  results  of  clinical  study  indicate  that  they  are 
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chiefly  concerned,  as  already  stated,  in  the  adjustment  of  ocular 
movements  to  visual  impressions;  and  such  adjustment  may  be 
immediate  throu^  the  optic  tract;  or  mediate,  impulses  being  sent 
backward  from  the  occipital  cortex  to  the  anterior  quadrigeminal 
bodies. 

(c)  Efl«etaof  briUtioii. — ^The  excitability  and  effects  of  irritation  of 
the  anterior  corpora  quadrigemlna  or  optic  lobes,  by  various  stimuli, 
have  been  differently  stated  by  different  observers.  Ferrier  maintains 
tbat  mechanical  irritation  of  the  surface  of  these  bodies  is  capable 
pf  inducing  distinct  indication  of  excitability.     Tbe  act  of  merely 
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touching  these  ganglia  with  a  sponge  is  suflBcient  to  cause  general  and 
more  or  less  indefinite  movements  of  the  trunk  and  limbs.  TTie 
slightest  superficial  puncture  of  the  corpora  quadrigemina  in  rabbits 
causes  them  to  start  suddenly  and  bound  away  as  if  in  great  agitation 
and  alarm.  These  symptoms  speedily  subside  and  it  is  almost 
impossible  to  discover  any  signs  of  anatomic  lesion  from  the  slight 
puncture  which  is  suflBcient  to  give  rise  to  these  manifestations. 
Much,  however,  depends  on  the  vital  condition  of  these  ganglia  at 
the  time  of  experiment.  When  they  are  exhausted  by  shock  or 
hemorrhage  or  paralyzed  by  narcotics  excitation  may  have  little  or 
no  perceptible  effects.  The  optic  lobes  have  been  found  extremdy 
sensitive  to  electric  currents. 

The  explanation  of  the  eflfects  of  irritation  of  the  corpora  quad- 
rigemina and  of  the  relation  between  these  and  the  eflfects  of  desfruct- 
ive  lesions  is  a  matter  of  speculation  only.  Though  electric  stim- 
ulation is  not  strictly  localizable,  and  there  is  always  a  risk  of  diffusion, 
it  has  been  shown  that  mere  mechanical  irritation  of  the  surface  of 
the  corpora  quadrigemina  is  suflBcient  to  produce  motor  manifesta- 
tions, in  which  case  obviously  conduction  to  subjacent  or  nei^bor- 
ing  tracts  can  play  no  part.  The  strength  of  current  suflBdent  to 
produce  active  manifestations  when  applied  to  the  surface  of  the 
corpora  quadrigemina  is  very  weak  and  barely  perceptible  when 
applied  to  the  tip  of  the  tongue;  so  that  the  risk  of  diffusion  is  very 
slight,  and  it  is  a  fact  which  cannot  be  explained  away  by  mere 
diffusion  to  subjacent  structures.  Irritation  of  the  posterior  quad- 
rigeminal  bodies  differs  from  that  of  the  anterior  in  at  least  one 
important  particular,  viz.,  the  excitation  of  cries  of  various  kinds. 
These  are  not  observed  on  irritation  of  the  anterior  quadrigeminal 
bodies.  If  it  were  merely  a  matter  of  diffusion  to  subjacent  tracts, 
the  same  results  should  occur  in  both  cases. 

3.  The  Oerebellocerebral  Pathway. — Although  there  is  still  more 
or  less  disagreement  among  anatomists  concerning  this  pathway, 
it  is  generally  agreed  that  it  consists  of  three  or  four  neurones.  The 
first  apparently  extends  from  the  cerebral  cortex,  from  either  hemi- 
sphere or  worm,  to  the  nucleus  dentatus.  The  second  neurone  extends 
from  the  nucleus  dentatus,  in  which  its  cell  body  hes,  forward  through 
the  superior  cerelK^llar  jH^duncle  (brachium  conjuncti\'um),  decussates 
with  its  fellow,  and  enters  the  posterior  and  ventral  portion  of  the 
nnl  nucleus  of  the  opposite  side.  The  third  neurone  may  extend 
clirectly  from  tlic  red  nucleus  to  cerebral  cortex,  or  indirectly,  by 
way  of  the  optic  thalamus  or  hypothalamic  region.  In  the  former 
case  the  cell  iKidy  apparently  lies  in  the  dorsal  and  anterior  portion 
of  the  red  nucleus,  while  its  axones  extend  up  through  the  capsular 
region  to  the  c(T(^l)ral  cortex.  In  the  latter  case  the  cell  body  sends 
its  axone  to  the  ventral  portion  of  the  optic  thalamus  or  the  hypo- 
thalamic region,  where  it  ends  by  arborization.     In  such  instances 
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a  fourth  neurone  is  required,  extending  from  these  terminations  to 
the  cerebral  cortex.  The  portion  of  the  cerebral  cortex  in  this  relation 
with  the  red  nucleus  and  whole  cerebellocerebral  pathway  is  the 
region  of  the  central  gyri  and  operculum,  possibly  also  the  region  of 
the  island  of  Reil  and  the  anterior  part  of  the  parietal  lobe. 

The  function  of  this  tract  is  undoubtedly  the  transmission  of 
afferent  impulses  of  some  sort  from  the  cerel)ellum.  The  cerebellar 
cortex,  as  we  have  seen,  receives  numerous  fibres  from  the  spinal 
cord  through  the  corpus  restiforme,  the  dorsal  external  arcuate  fibres 
from  the  nuclei  gracilis  and  cuneatus,  and  also  a  few  spinal  fibres 
from  Gowers'  tract  via  the  superior  cerebellar  peduncle.  Is  it 
possible  that  the  impulses  so  reaching  the  cerel)ellum  may  not  be 
conducted  to  the  cerebral  cortex?  The  possibility  certainly  exists, 
but  the  fact  is  not  as  yet  demonstrable.  The  main  function  of  this 
pathway  seems  to  be  to  put  the  cerebellar  hemisphere  of  one  side 
into  close  relation  with  the  opposite  cerebral  hemisphere. 

4.  The  Nuclei  of  the  Third  and  Fourth  Oranial  Nerves.— The 

nucleus  trochlearis  supplies  the  superior  oblique  muscle.  The 
nucleus  lies  immediately  behind  the  oculomotor  nucleus,  and  the 
axones  of  its  cell  lx)dies  decussate  in  the  superior  medullary  velum, 
then  emerge  on  its  dorsal  surface,  and  proceed  around  the  crustae  to 
their  destination.  The  trochlear  nucleus  is  intimately  associated  with 
the  posterior  longitudinal  bundle,  the  function  of  which  appears  to 
be  the  co-ordination  of  the  eye  muscles,  and  of  movements  of  eyes 
and  head,  or  eyes  and  the  muscles  of  expression.  ^Fhe  oculomotor 
nucleus  is  far  more  complicated  than  the  trochlear  nucleus,  consisting 
of  no  less  than  six  paired  nuclei  and  an  unpaired  one.  These  sub- 
nuclei  in  general  send  their  axones  in  a  curved  direction  downward 
through  the  tegmentum,  red  nucleus,  and  substantia  nigra,  to  emerge 
at  the  posterior  perforated  space;  but  a  set  of  fibres  from  the  posterior 
third  of  the  nucleus  decussates  to  the  opj)osite  side.  Each  oculo- 
motor nerve,  therefore,  contains  fibres  from  the  right  and  left  oculo- 
motor nuclei.  By  Spitzka  and  01)ersteiner  these  decussating  fibres 
are  held  to  supply  the  opposite  internal  rectus  muscle.  Thus,  a 
motor  impulse  from  the  cerebrum  to  the  left  oculomotor  and  alxlucent 
nucleus  might  lead  to  contraction  of  the  left  external  rectus  and  of 
the  right  internal,  rectus  muscle.  According  to  Schwal)e,  however, 
these  crossed  fibres  pass  to  the  suj)erior  rectus.  According  to  Duval 
and  I^aborde  the  hannonious  ac»tion  of  the  external  and  internal  recti 
muscles  is  secured  by  a  set  of  fibres  emerging  from  the  abducent 
nucleus,  proceeding  cerebral  ward  through  the  posterior  longitudinal 
bundle,  decussating  and  ending  by  arborizing  alK)ut  cells  in  the 
opposite  oculomotor  nucUMis. 

According  to  Ilensen  and  Volekers  the  subnuclei  of  the  oculomotor 
nuclei  from  l)efore  backward  are  arranged  as  follows:  (i)  nucleus  of 
accommodation;  (ii)  nucleus  for  tht^  sphincter  iridis;  (in)  nucleus  for 

45 
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the  internal  rectus;  (iv)  nucleus  for  the  superior  rectus;  (v)  nucleus 
for  the  levator  palpebrse  superioris;  (vi)  nucleus  for  the  inferior  rectus; 
(vii)  nucleus  for  the  inferior  oblique  muscle.  The  disease  known  as 
polioencephalitis  superior  seems  to  afford  excellent  substantiation  of 
these  assertions  clinically,  the  successive  paralyses  involving  these 
subnuclei  in  this  order  of  anatomic  arrangement. 

The  oculomotor  nucleus,  besides  numerous  and  important  con- 
nections with  the  posterior  longitudinal  bundle,  of  very  obvious 
advantage,  is  also  directly  connected  with  the  optic  radiations  and 
the  optic  tract.  It  will  be  recalled  that  the  superior  quadrigeminal 
body  was  said  to  receive  fibres  from  the  optic  tract,  and  also  fibres 
from  the  cortex  of  the  occipital  lobe.  These  fibres  are  evidently  of 
large  importance  in  pupillary  reactions. 

5.  The  Pes  Peduncilli. — ^This  has  but  one  function,  that  of  con- 
duction of  impulses  from  the  cerebral  cortex.  In  the  middle  third 
lie  the  pyraihidal  tract  fibres  and  the  fibres  to  the  nuclei  of  the  sev- 
enth and  twelfth  cranial  nerves.  In  the  inner  third  lie  the  fibres  of 
the  frontal  cerebrocorticopontine-cerebellar  pathway.  The  axones 
from  the  pyramidal  cells  of  the  frontal  cortex  proceed  toward  the 
internal  capsule,  pass  through  its  frontal  portion,  into  the  inner 
third  of  the  pes  pedunculi,  and  end  at  the  cells  of  the  nuclei  pontis. 
The  axones  of  these  cells  then  decussate  and  proceed  upward  throu^ 
the  opposite  middle  cerebellar  peduncle  (brachium  pontis)  to  the 
cerebellar  cortex.  Thus  the  cerebral  hemisphere  is  brought  into 
direct  relationship  with  the  opposite  cerebellar  hemisphere  in  a 
corticifugal  way,  precisely  as  it  is  by  the  cerebellocerebral  pathway 
in  a  corticipetal  way. 

In  tlie  outer  third  of  the  crusta  lie  the  fibres  of  the  temporal  cerebro- 
corticopontine-cerebellar  pathway,  the  course  and  termination  being 
in  every  way  analogous  to  the  frontal  pathway.  It  is  very  likely 
that  both  of  these  great  pathways,  each  occupying  as  much  space 
in  the  pes  pedunculi  as  is  put  at  the  disposal  of  the  pyramidal  triw^s, 
are  ininiediately  concerned  in  carrying  to  the  cerebellum  impulses 
concerning  co-ordination  in  its  broadest  sense.  It  would  seem  as 
thoiigli  there  went  from  the  cerebral  cortex,  simultaneously  with  the 
general  message  through  the  pyramidal  tract  fibres,  a  set  of  impulses 
by  way  of  tlie  corticopontine<'erebellar  pathway  to  the  cerebellum, 
by  nieiins  of  wliich  its  co-ordinating  power  might  be  aroused. 

h.  Pathologic  Physiology  of  the  Mesencephalon. 

ConnectcMl  with  tlie  midbrain  is  what  is  known  as  Weher^s  syndrome, 
A  more  or  less  extensive  lesion  in  the  tegmentum  of  the  midbrain, 
by  reason  of  tlie  fact  tliat  it  cuts  off  the  fibres  of  the  third  nerve  on 

ft. 

the  si(l(»  of  the  lesion  and  by  reason  of  the  fact  that  it  involves  the 
pyramidal  tract  fibres  far  above  their  decussation,  causes  what  is 
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called  a  crossed  third  paralysis.  That  is,  for  example,  if  the  lesion 
were  in  the  right  half  of  the  midbrain,  the  right  oculomotor  nerve 
and  the  left  half  of  the  body  would  be  paralyzed.  Since  the  mesial 
fillet  would  also  be  affected,  sensory  symptoms  would  be  manifest 
on  the  same  side  of  the  body  as  the  paralytic  ones. 

F.  THE  PHTSIOLOOT  OF  THE  INTERBSAIN,  OB 

THALAMENOEPHALON. 

a.  Normal  Physiology. 

Almost  nothing  is  known  of  the  physiology  of  the  interbrain. 
Certain  features  of  its  structure  are  suggestive,  however,  of  functions 
which  it  may  some  time  be  demonstrated  to  possess.  In  general  it 
acts  chiefly  as  a  relay  station,  as  a  sensory  centre,  and  as  a  centre  of 
emotional  expression. 

1.  As  a  Belay  Station. — ^The  optic  thalamus,  the  main  portion 
of  the  thalamencephalon,  is  essentially  a  receiving  station.  To  it 
there  come  from  the  cerebral  cortex  fibres  from  the  frontal  and 
temporal  regions,  constituting  a  portion  of  the  corona  radiata;  and 
from  it  large  numbers  of  fibres  pass  to  the  cerebral  cortex,  chiefly 
to  the  occipital,  temporal,  and  parietal  lobes,  constituting  a  still  larger 
portion  of  the  corona  radiata.  On  the  other  hand,  it  receives  from 
lower  levels  the  fibres  of  the  cerebellocerebral  pathway  by  way  of 
the  red  nucleus,  fibres  from  the  mesial  fillet,  and  numerous  less 
important  bundles.  The  impulses  conducted  by  these  fibres  ulti- 
mately reach  the  cortex,  the  optic  thalamus  being  interposed  as  a 
relay  centre;  thus  an  intimate  relationship  between  cerebral  cortex 
and  optic  thalamus  is  manifest.  That  the  development  of  the 
thalamencephalon  is  largely  dependent  upon  that  of  the  cerebrum 
is  evident  from  the  fact  that  "with  the  (levelopment  of  an  extended 
cerebral  cortex  more  and  more  bundles  appear  which  pass  from  it 
into  the  ganglia  of  the  thalamus,^  or  from  the  ganglia  of  the  thalamus 
into  it..  In  proportion  to  its  enormous  mass,  the  optic  thalamus  sends 
only  a  few  fibres  downward." 

2.  As  a  Sensory  Oentre  the  interbrain  must  be  given  some  credit. 
Fig.  281  shows  the  lateral  geniculate  body,  a  part  of  the  thalamus, 
as  a  way-station  l)etween  the  retina  and  the  cerebral  c*ortex  of  the 
visual  centre  in  the  occipital  IoIk?.  In  a  similar  way  the  internal 
geniculate  body  is  a  way-station  on  the  path  of  auditory  sensation. 
Very  likely,  too,  the  interbrain  is  a  motor  centre  for  instinctive  or 
emotional  expression. 

3.  As  a  Oentre  of    Instinctive  or  Emotional  Expression.— 

Animals  deprived  of  their  cerebral  hemispheres  are  still  capable 
of  exhibiting,  in  resjH)iist.*  to  various  forms  of  sensory  stimulation, 

I  Ediiigur,  nnh  e<iitioii,  p.  I'M. 
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special  and  general  reactions,  more  or  less  complex,  which  do  not 
at  all  differ  in  character  from  those  which  are  associated  with 
emotion  or  feeling. 

The  outward  expression  of  feeling  does  not  necessarily  imply  the 
existence  of  pain  or  feeling  as  a  state  of  consciousness.  As  all  the 
physical  manifestations  of  feeling  are  capable  of  being  called  forth 
in  animals  deprived  of  their  cerebral  hemispheres,  which  alone  are 
the  substrata  of  consciousness,  we  must  regard  them  as  merely  the 
reflex  or  instinctive  response  of  centres  in  which  sensory  impressions 
excite  variously  the  motor,  vasomotor,  and  secretory  apparatus. 
The  phenomena  observed  in  animals  deprived  of  their  cerebral 
hemispheres  are  in  all  respects  analogous  to  those  obser\'ed  in  human 
beings  under  the  influence  of  chloroform  which,  as  proved  by  actual 
experiment,  first  annihilates  the  excitability  of  the  hemispheres,  a 
conchtion  coinciding  with  abolition  of  consciousness — but  the  thala- 
mencephalic and  lower  centres  retain  their  excitability  long  after  this 
point  has  been  reached.  Hence  with  impressions  which  under  normal 
conditions  would  excite  not  only  pain,  but  also  accompanying  groans, 
cries,  or  other  physical  manifestations,  when  the  cerebral  hemispheres 
have  been  removed  the  physical  manifestations  alone  occur,  and 
conscious  suffering  is  absent. 

'^The  centres  of  emotional  expression  are,  therefore,  situated  below 
the  centres  of  conscious  activity  and  ideation,  and  must  necessarily 
be  in  relation  with  every  form  of  centripetal  and  centrifugal  impulses 
through  which  signs  of  fc^^ling  may  l>e  induceil  or  manifestecl.  These 
conditions  art*  not  furnished  l)elow  the  mesencephalic  centres,  and  are 
l>est  met  in  the  thalamencephalon.  Both  tfirect  experiment  and 
clinical  expiTience  favor  the  latter  as  the  emotional  centre. 

/;.  Pathologic  Physiology  of  the  Thalamencephalon. 

Disease  of  the  optic  thalamus,  alone  and  uncomplicateil,  is  very 
rart\  Sliti:ht  hemiplegia,  occasionally  seen,  is  undoubtedly  a  neighbor- 
luHul  symptom  tlue  to  involvement  of  the  pjTamidal  fibres  in  the 
internal  capsule.  No  disturbance  of  cutaneous  sensation  fesults, 
unless  the  jX)sterior  limb  of  the  internal  capsule  be  injure<l,  in  which 
ease  thert*  may  \>v  hemianiesthesia. 

Ileniiauopsia  haslnvii  descril>ed  in  lesions  of  the  puKinar,  without 
involvement  of  the  optic  fibres  in  the  posterior  limb  of  the  intenial 
capsule.  Uisturbanee  of  facial  expression  has  been  observeil  in 
thalaniie  disease,  with  forced  laughing  and  cr)'ing.  Posthemiplegic 
heniiehorea  and  heniiathetosis  are  ascribed  to  disease  of  the  optic 
thalamus.  X'asoniotor  symptoms  do  not  seem  to  result,  but  the 
ten*liu*>u^  and  |MTio>itt*al  reflexes  arc  increased.  In  bilateral  lesions 
of  the  optie  ihalanii  vesieal  incontinence  follows,  the  urine  l)eing 
voided  auioniaiieallv  at  stated  intervals  in  definite  amounts.^ 

•  HomlHirgvT.  NouwUig.  Centmlblatl,  190S. 
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G.  THE  PHTSIOLOOT  OF  THE  CEREBRUM,  OR 

PROSENCEPHALON. 

1.  THE  MOVEMENTS  OF  THE  BRAIN. 

Movements  of  the  brain  depend  largely  upon  the  lymphatic  system 
of  the  encephalon.  Our  knowledge  of  this  difHcult  subject  may  be 
attributed  chiefly  to  the  labors  of  Obersteiner,  Key,  Retzius,  Schwalbe, 
Meynert,  and  Sevan  Lewis.  Obersteiner  was  the  first  to  defme  the 
nature  and  connections  of  tlie  lymph  channels.  Bevan  Lewis  is, 
however,  to  be  credited  with  having  given  us  the  latest  and  most 
advanced  details  as  to  the  relationship  of  the  cortical  nerve  cells  to 
these  lymph  channels,  both  in  health  and  disease.  It  will  perhaps 
simplify  the  subject  if  we  diverge  for  a  moment  to  consider  the  move- 
ments of  the  endocranial  fluids,  both  blood  and  lymph,  in  general. 

If  the  brain  were  surrounded  merely  by  rigid  cranial  walls,  and 
could  never  expand  or  contract,  there  would  be  possible  no  increase 
or  decrease,  with  functional  activity  or  rest,  of  the  arterial  blood 
within  it.  A  functional  increase  becomes  possible,  however,  upon 
one  of  two  conditions,  viz.,  a  transfer  of  venous  blood  from  the 
brain,  or  an  outflow  of  lymph  from  the  brain.  A  venous  transfer  is 
altogether  too  slow,  and  there  could  not  be  continuous  action  because 
the  propulsion  of  the  venous  current,  dependent  upon  the  respiratory 
movements,  would  give  rise  to  a  fi'equently  interrupted  flow  of 
venous  blood  from  the  brain.  The  lymph  flow  is  not  open  to  the 
same  objections.  The  lymph  within  the  brain  is  largely  collected 
both  in  the  ventricles  and  the  so-called  lymph  cisterns,  of  which 
Meynert  enumerates  the  following:  (i)  the  space  of  the  fossa  Sylvii; 
(ii)  farther  back,  the  cystenia  chiasmatis;  (in)  another  is  to  be  found 
adjacent  to  the  fossa,  l)etween  the  overhanging  cerebellum  and  the 
pons  and  medulla.  Much  Ijonph,  too,  is  accommodated  in  the 
perivascular  spaces  al)out  all  of  the  vessels  of  the  brain  cortex.  All 
of  these  collections  of  lymph  conmiunicate  very  freely  with  the  spinal 
canal;  for  by  means  of  lumbar  puncture,  for  example,  one  may 
drain  the  st*rum  from  a  hydrocephalic  head.  Despite  the  fact  that 
the  brain  is  enclosed  by  rigid  walls,  it  can,  nevertheless,  accommo- 
date widely  varying  amounts  of  arterial  bl(K)d,  by  reason  of  the  free- 
dom of  outflow  of  the  cerebrospinal  fluid. 

1.  QaaAtitative  Relationbetween  Blood  andOerebrospinalFluid. 

— ^^rhen*  is,  then,  an  intinuite  relation  lx*tween  the  amount  of  cerebro- 
spinal fluid  and  blood  within  tlie  cranial  cavity.  Formerly  it  was 
taught  that  as  the  skull  is  a  rigid  Im)x,  and  as  the  brain  substanc*e  and 
its  fluid  arc  practically  inconiprcssible,  no  variation  in  the  amount  of 
blood  in  the  brain  couhl  Ik*  [K)ssil)le.  This,  however,  is  now  proved  to 
be  erroneous.    Tlu*  average  (|uantity  of  cerebrospinal  fluid  within  the 


710  SPECIAL  PHYSIOLOGY 

cranium  is  about  two  ounces,  and  if  it  be  suddenly  withdrawn  epilepsy 
or  convulsions  may  be  produced,  or  if  it  be  rapidly  increased  in 
amount  coma  may  result*  This  fluid  has  also  important  mechanical 
functions,  protecting  delicate  parts  of  the  brain  from  injury,  and 
distributing  vibratory  impulses.  The  presence  of  the  cerebrospmal 
fluid  is,  as  pointed  out  by  Bonders,  of  great  importance  in  regulating 
the  pressure  uniformly  when  brain  movements  occur,  so  that  every 
systolic  and  expiratory  dilatation  of  the  bloodvessels  is  concentrated 
upon  those  parts  of  the  cerebral  membrane  which  do  not  offer  any 
resistance.  We  are  now  ready  to  consider  the  physiologic  movements 
of  the  brain. 

2.  Movements  of  the  Brain.— These  are  of  three  kinds:  (i)  Pulsa- 
tile movements  communicated  from  the  pulsations  of  the  large  basal 
cerebral  vessels,     (ii)  Respiratory  movements;  brain  rising  during 
expiration,  and  falling  during  inspiration,     (iii)  Vascular  elevation 
and  depression,  which  alternate  and  are  due  to  periodic  dilatation  and 
contraction  of  the  bloodvessels.     This  last  is  a  periodic  arterial 
dilatation  regulated  by  the  vasomotor  centres  and  occurring  from 
one  to  six  times  per  minute.    These  movements  have  been  investigated 
chiefly  over  the  fontanelles  of  children  and  where  the  membranes 
have  been  exposed  by  trephining.      The  advance  of  the  dilatation 
wave  within  the  rigid  cranial  walls  aids  in  the  establishment  of 
currents  of  brain  fluid  whereby  metabolic  waste  products  are  carried 
off  through  the  lymphatic  fluid.    The  brain  and  the  fluid  surrounding 
it  are  subjected  to  a  certain  mean  pressure  which  depends  upon  the 
blood  pressure  within  the  vascular  system.    Naunyn  and  Schreiber 
showed  that  cerebral  pressure  must  be  slightly  less  than  pressure 
within  the  carotid  before  the  symptoms  proper  to  pressure  on  the 
brain  occur.    The  vascular  wave  causes  an  expansion  of  the  cerebral 
mass,  followed  by  a  contraction. 

■\Ieynert  concluded  that  all  stimuli  acting  on  the  sensorium  create 
vascular  movements  and  disturb  the  periodic  changes  in  the  condition 
of  the  vessels;  and  that,  of  the  psychic  influences  which  may  cause 
elevation  of  blood  pressure,  the  emotions  act  more  readily  and  bring 
about  a  greater  change  than  purely  intellectual  processes.  Great 
variations  of  brain  pressure  are  almost  constantly  attended  by  sjmp- 
toins  of  (listurl)anees  of  the  nutrition  of  the  brain.  If  the  pressure 
is  niodenite  the  syinptonis  may  remain  latent  or  only  show  them- 
selves as  liea(laelH\  vertigo,  weakness  or  disturbance  of  the  sensory 
funetion.  During  sh^ep  tlie  circulation  of  the  lymphatic  fluid  in  the 
brain  elFects  the  removal  of  the  waste  products,  and  this  is  to  a  great 
extent  (lependent  upon  the  vascular  movements  of  the  brain.  Burck- 
hanit  retranis  the  influence  of  this  vascular  wave  as  far  more  powerful 
than  that  ()f  the  respiratory  wave.  The  irregularities  of  vascular 
wave  movements  which  occur  when  the  individual  is  awake  indicate 
that  in  certain  j)arts  of  the  brain  there  is  an  independence  of  action, 
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just  as  we  know  it  to  be  the  case  in  reflex  arterial  constrictions  on  the 
surface  of  the  body- 
Pulsatory  movements  originate  from  the  circle  of  Willis ;  the  arteries 
ascend  and  their  currents  are  directed  upward,  as  is  also  the  case 
with  the  venous  currents.  The  arteries  at  the  base  are  first  to  enlarge 
with  the  blood  flow,  then  the  wave  passes  into  all  the  branches  of  the 
vessels.  I^e  brain,  however,  is  only  able  to  enlarge  concentrically 
toward  the  ventricles  on  account  of  die  resistance  offered  by  the  roof 
of  the  skull  to  the  swellings  of  the  convolutions.  This  concentric 
swelling  of  the  brain  is  almost  constant  and  the  pressure  is  neutral- 
ized in  the  ventricles,  partly  owing  to  the  fact  that- there  is  a  displace- 
ment of  cerebrospinal  fluid  from  them.  When  the  engoigement  of 
the  walls  of  the  ventricles  ceases,  the  blood  supply  which  reaches 
the  cortex  through  the  long  arteries  is  carried  downward. 

Tlie  act  of  inspiration  causes  a  fall;  that  of  expiration  causes  an 
elevation  of  pulse  wave.  This  influence  is  most  noticeable  during 
forced  efforts  of  expiration  and  depends  upon  variations  in  the  venous 
pressure.  As  a  result  of  venous  pressure,  concentric  swelling  of  the 
hemispheres  occurs.  The  venous  pressure  acts  from  the  vertex 
downward  instead  of  from  the  base  upward  as  does  the  pulse  wave. 


Tmnnene  netlan  oT  the  cerebruro,  ihowlni  tho  probable  dlipoiilloa  of  tbe  u 
pralecUoD  Bbm;   A,  coipui  olloiuiii;  B,  aiiterlor  commlmire;  C,  pyrunldal  pathwii;  formed 
ot  lbs  proJacUan  flbres,   (G*JM.} 


2.  THE  TUNOTION  OT  THE  CORTEX. 

a.  Oeneral  Considerations. 

From  numerous  experiments  of  removal  of  the  cerebral  cortex  in 
lower  animals,  one  fundamental  fact  si-ems  irrevocably  established, 
viz.:     Thai  in  the  abnence  of  cerehr<U  kemtspheres,  the  lower  centres 
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are  of  themselves  incapable  of  originaiing  active  manifettationi  of  any 
Hnd.  When  the  hemispheres  are  removed  all  the  actions  of  the 
animal  become  the  immediate  and 
necessary  response  to  the  form 
and  intensity  of  the  stimuliu  com- 
municated to  its  afFerent  nerves. 
Without  such  excitation  fram  tbe 
exterior  the  animal  remuns  mo- 
tionless and  inert.  It  is  true  that 
some  of  the  phenomena  would 
seem  opposed  to  this  view,  but 
this  is  only  in  appearance,  not 


probable  dliectlcni  of  tbe  cnneDU  and  the 
nerrouF'  prMoplMiiiic  conuecUoDa  In  ibe  rail 
of  tbe  cerebral  oortcx;  A,  na&ll  prmnidal 
cell;  B.  Urge  prramidal  cell;  C,  D,  poljinor- 
pbous  cellK;  E,  teTmlaal  fibre  coTOlti^  than 
otbet nerve  cenues;  ^.collalermlsorthewhite 
nwtter;  G,  ftit»«rUnder  Unuotin(  tn  tbe 
while  matler.    (CkK'-) 


in  reality.  Tims  a  fnig  may  occasionally  move  its  limbs  sponta- 
neously ami  a  binl  may  yawn,  shake  its  feathers,  or  change  the 
foot,  but  thc-ic  actions  are  the  result  of  impressions  arising  from 
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cutaneous  irritation  caused  by  the  wounded  surface  resulting  from 
the  operation.  The  reader  will  find  it  profitable  at  this  point  to 
make  a  careful  study  of  Figs.  286,  287,  and  288. 

If  we  enquire  into  the  nature  of  the  processes  which  inmiediately 
precede  this  responsive  activity,  we  are  led  to  ask.  Are  these  actions 
merely  reflex  or  are  they  accompanied  by  sensation?  If  we  define 
sensation  as  the  consciousness  of  impression,  it  will  be  seen  that  the 
problem  which  confronts  us  for  solution  is  whether  there  is  a  con- 
sciousness accompanying  the  acts  of  these  animals  that  are  minus 
their  cerebral  hemispheres;  in  other  words,  are  these  animals,  under 
the  conditions  of  the  experiments,  capable  of  psychic  activity? 

If  we  were  to  accept  without  question  the  metaphysical  view,  the 
answer  would  not  be  difficult,  viz.,  that  abolition  of  the  hemispheres 
abolishes  certain  fundamental  powers  of  mind,  that  the  functions  of 
the  lower  centres  lie  outside  of  the  sphere  of  the  mind  proper.  But 
this  way  of  looking  at  the  subject  does  not  harmonize  with  known 
physiologic  facts.  It  is  known  that  areas  may  be  cut  away  from  the 
hemispheres  involving  the  territory  of  ifitellectual  consciousness  with- 
out interfering  with  consciousness;  the  will  may  be  abolished  while 
consciousness  remains.  Hence,  we  are  not  entitled  to  say  that  mind 
as  a  unit  has  a  local  habitation  in  any  one  part  of  the  cerebral  hemi- 
spheres, but  rather  that  mental  manifestations  depend  on  the  conjoint 
diction  of  all  of  the  cerebral  cortex. 

b.  Localuation  of  Functions  in  the  Oerebral  Oortex. 

The  following  words  of  Herbert  Spencer,*  though  written  years 
ago,  deserve  to  be  quoted:  "Whoever  calmly  considers  the  question 
cannot  long  resist  the  conviction  that  different  parts  of  the  cerebrum 
must  in  some  way  or  other  subserve  diflferent  kinds  of  mental  action. 
.  .  .  .  Localization  of  function  is  the  law  of  all  organization 
whatsoever,  and  it  would  be  marvelous  were  there  here  an  exception. 
Either  there  is  some  arrangement,  some  organization  in  the  cerebrum, 
or  there  is  none.  If  there  is  no  organization  the  cerebrum  is  a  chaotic 
mass  of  fibres  incapable  of  performing  any  orderly  ac*tion.  If  there 
is  some  organization  it  must  consist  in  the  same  physiologic  division 
of  labor  in  which  all  organization  consists,  and  there  is  no  division 
of  labor,  physiologic  or  other,  but  what  involves  the  concentration  of 
special  kinds  of  activity  in  special  places." 

Up  to  a  comparatively  rt*cent  date,  the  results  of  experimental 
physiology  and  human  pathology  had  been  considered  as  opposed 
to  the  localization  of  spt»cial  functions  in  distinct  regions  of  cerebral 
hemispheres.  Many  iincjuestionablc  facts  of  clinical  medicine,  how- 
ever, such  as  limited  paralysis  in  connection  with  limited  cerebral 

•  Principles  of  PMychology,  1K7U. 
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lesions,  appeared  wholly  inexplicable  except  on  the  hypothesb  of 
a  differentiation  of  function  in  the  cerebral  hemispheres.  Moreover, 
the  established  coincidence  of  aphasia  or  loss  of  speech,  with  disease 
of  a  certain  region  in  the  left  hemisphere,  served  still  further  to  cause 
thoughtful  students  of  this  subject  to  seek  rational  explanations  upon 
the  basis  of  a  differentiation  of  function  in  the  cerebrum. 

Hughlings  Jackson,  from  a  minute  and  careful  study  of  the  phe- 
nomena of  unilateral  and  limited  epileptiform  convulsions,  arrived  at 
the  conclusion  that  they  were  due  to  irritation  or  discharge  of  energy 
from  certain  convolutions  of  the  opposite  cerebral  hemisphere, 
functionally  related  to  the  corpus  striatum  and  muscular  movements. 
Though  he  furnished  many  arguments  in  favor  of  this  hypothesis, 
since  verified,  his  views  were  regarded,  at  the  time,  as  merely  ingenious 
speculations  and  devoid  of  any  actual  proof  that  the  gray  matter  of 
the  convolution  was  really  excitable.  Experimental  physiologists 
had  all  failed  to  obtain  evidence  of  the  susceptibility  of  the  cerebral 
cortex  to  any  of  the  ordinary  stimuli  of  nerves,  mechanical,  chemical, 
thermal,  or  even  electric.  This  apparent  inexcitability  of  the 
cerebral  cortex  greatly  retarded  the  progress  of  cerebral  phydology. 

A  new  era  in  cerebral  physiology  was  inaugurated  by  the  discoveiy 
by  Fritsch  and  Hitzig  in  1870  that  the  application  of  the  galvanic 
current  to  the  surface  of  the  cerebral  hemisphere  in  dogs  gave  rise 
to  movements  on  the  opposite  side  of  the  body — ^movements  which 
varied  with  the  position  of  the  electrodes. 

The  phenomena  of  localized  and  universal  convulsive  movements, 
attributed  by  Hughlings  Jackson  to  vital  irritation  of  certain  regions 
of  the  cortex,  are  precisely  of  the  same  nature  as  those  induced  by 
electric  irritation  of  the  same  region.  The  great  and  significant 
feature  of  the  reactions  produced  by  electric  excitation  of  the  cortex 
is  that  they  are  definite,  may  be  predicted,  and  vary  with  the  position 
of  the  electrodes.  So,  as  will  be  seen  later,  areas  in  close  proximity 
to  each  other,  separated  only  by  a  few  millimetres  or  less,  react  to 
the  electric  current  in  a  totally  different  manner.  If  there  were  no 
functional  differentiation  of  the  areas  under  stimulation  the  diverse 
effects  would  be  absolutely  incomprehensible  on  any  theory  of  mere 
physical  conduction. 

1.  Localization  of  Motor  Centres.— At  the  outset  it  is  important 
to  emphasize  the  fact  that  the  so-called  motor  cortex  is  not  a  centre 
for  individual  muscles,  hut  is  a  centre  for  movement  complexes.  In 
the  spinal  cord,  which  is  the  lowest  motor  centre,  the  anterior-horn 
cells  actually  control  individual  muscles  and  muscle  fibres;  so  that 
a  lesion  of  these  cells  paralyzes  a  particular  muscle  or  part  of  it. 
The  effect  of  such  paralysis  is  interference  with  all  motor  acts  in 
which  that  muscle  plays  a  part.  In  the  cerebral  cortex,  however, 
individual  muscles  are  not  represented;  instead  there  arc  to  be  found 
centres  for  various  movements  or  acts,  which  commonly  bring  into 
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play  several  muscles,  controlled  at  various  spinal  levels  simultaneously 
by  the  cortical  pyramidal  tract  fibres.  The  eflFect  of  injury  to  a 
particular  portion  of  cortex  is,  then,  the  loss  of  ability  to  execute 
some  particular  movement  or  act,  and  not  the  paralysis  of  any 
particular  muscle. 

Another  important  clinical  observation  confirmed  by  direct  experi- 
ment is  that  the  various  motor  centres  of  the  cortex  overlap  one  another. 
There  is,  then,  no  sharp  line  of  demarcation  between  the  centres  for 
extension  of  the  fingers  and  flexion  of  the  fingers.  Our  knowledge 
of  this  important  fact  and  our  knowledge  concerning  the  location 
of  our  movement  centres  have  been  derived  from  three  chief  sources: 
(i)  experiments  upon  the  cortex  of  the  brain  of  monkeys;  (ii)  electric 
stimulation  of  the  cortex  of  the  brain  of  human  beings  during  the 
progress  of  a  brain  operation,  such  stimulation  being  applied  for  the 
purpose  o(  localizing  the  diseased  area;  (iii)  clinical  evidence  afforded 
by  Jacksonian  epilepsy  and  cerebral  tumors,  with  subsequent  post- 
mortem examination. 

(a)  Experiments  upon  Monkeys. — ^^Fhe  surface  of  the  cerebral 
hemispheres  in  monkeys  is  divided  into  certain  lobes  and  convo- 
lutions by  primary  and  secondary  fissures.  The  general  arrange- 
ment of  these  varies  somewhat  from  that  of  the  human  brain;  how- 
ever, the  homologies  may  be  traced  with  fair  accuracy,  and  the 
results  obtained  from  ex|)eriments  are  indicative  of  the  functions  of 
homologous  areas  of  the  human  brain.  Electric  stimulation  of 
certain  areas  gives  rise  to  definite  response.  The  following  are  the 
principal  phenomena  usually  observed : 

(i)  Stimulation  of  the  upper  portion  of  the  ascending  parietal 
lobule  causes  the  opposite  hind  limb  to  be  advanced  as  in  walking, 
the  thigh  being  flexed  on  the  pelvis,  the  leg  extended,  the  foot  flexed, 
and  the  toes  spread  and  extended.    (See  Fig.  289.) 

(ii)  Of  the  upper  extremity  of  the  ascending  parietal  and  adjoining 
portion  of  the  ascending  frordal  convolution  :  Flexion,  with  outward 
rotation  of  the  thigh;  rotation  inward  of  the  leg  witli  flexion  of  the 
toes. 

(ill)  Of  the  ascending  frotUal  convolution,  at  the  base  of  the  superior 
frontal:  Extension  forward  of  the  opposite  arm  as  if  the  animal 
tried  to  reach  and  touch  something  in  fnint. 

(iv)  Of  the  ascemling  frontal  convolution  at  the  bend  of  the  knee 
of  the  prwcentral  sidcus:     Flexion  an<l  su])ination  of  the  forearm. 

(v)  Of  the  ascending  frontal  con  volution  below:  Retraction  and 
elevation  of  the  angle  of  the  mouth. 

(vi)  Of  the  ascemling  frontal  convolution  below:  Elevation  of  the 
ala  of  nose*  an<l  up]KT  lip. 

(vii)  Of  the  lower  extrcmifti  of  the  ascending  jxirietal  convolution: 
Opening  of  the  mouth  with  protrusion  and  retracticm  of  the 
tongue. 
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(viii)  Of  the  lower  extremUy  of  the  ascending  parietal  amvolvtum: 
Retraction  of  the  angle  of  the  mouth. 

(ix)  0}  the  auperi&r  temporal  convolution:  Pricking  up  of  tbr 
opposite  car,  turning  of  the  head  and  eyes  to  the  opposite  side,  ind 
dilatation  of  the  pupils. 

(x)  Stimulation  of  the  central  lobe,  or  Island  of  Reil,  causes  do 
motor  reactions. 

Fid.  289 


OiiMliii-  of  tiniiii  ormi>nke)-(ViT««i>)  losbov  prind^l  Bdlcl  (Hmins)and  n'rt  Icoorolnlbnn'- 
Naiiiml  r.iar.  [ivi-r  «iioh  Mili-ns.  purpwvly  i>rinlcd  rei7  thick,  the  nmmp  1>  vrttten  Id  iuttnottr 
MCh  Kf ""  In  !<aALL  CAntALa.  -r  Imltmira  tbe  rmall  deprenlon.  bunll)'  to  Ik  aUnd  a  takv. 
wliEi'li  is  hUjiiBiH'd  lubv  iKiuuiUiRniu  with  Ihe  supctlcit  riDnlal  Balriu  nt  man.  and  k,  t.  -''■I' 
larly  liidimlo  tiilrl  whiwr  hi>m«lriBi«^  are  not  («rtaiii.    (Potter,  aner  Uoraley  and  brlUilrr.) 

(xn  mtimiilaliim  of  the  occipital  lobe  causes  no  nM>tor  reaction. 

(XII)  lidrslcy  ami  jicrvor  have  made  important  contributions  tn 
tlic  physiology  of  tile  mesial  aspect  of  the  lirain,  'l^ey  found  thai 
//((■  lUiir'/iiKil  (■(j/(ni/ii//(>H^iH'aIcd  alxive  tiie  callosomarginal  flssurr 
-  is  cxcLlaliK-  liiruiitrliniit,  cxcepi  in  the  prefrontal  region. 

('>)  Observations  upon  the  Haman  Br^. — These  strongly  confirm 
lln'  iiIhuc  I'xpfriiiK'iitiil  results,  and  have  been  alrt?ady  sufficiently 
iiiiiiiiTuns  lo  iintlinc  with  ciinsidcrablc  accuracy  the  various  suh- 
divisiims  uf  ihc  niotur  cortex.    The  motor  area  of  the  human  cerehral 
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cortex  is  located,  like  that  of  the  monkey,  upon  either  side  of  tlie 
fissure  of  Rolando  on  the  lateral  aspect  of  the  cerebrum,  and  upon 
the  posterior  portion  of  the  mai^nal  convohition  on  the  mesial  aspect 
of  the  cerebrum.  The  convolutions  are,  therefore,  the  ascending 
frontal,  the  posterior  extremity  of  the  first,  5econ<l,  and  thinl  frontal 
convolutions,  the  ascending  parietal,  and  the  posterior  portion  of  the 
gyms  marginalis.  In  aildition  a  motor  centre  useil  in  jfoverning  the 
movements  of  the  head  a.ssoeiated  with  llsteningis  to  Vic  foun<l  in  the 
cortex  of  the  temporal  lobe.  For  obvious  reasons  the  determination 
of  the  minute  fields  in  the  motor  area  which  serve  as  centres  for 
very  limited  movements  has  not  a<lvance<l  as  far  in  the  human 
subject  as  in  the  monkey.  On  the  other  hand,  and  for  rca-sons  just  as 
obvious,  the  determination  of  the  location  and  outline  of  the  speech 


area  ho-i  progres.scil  niu<-h  farther  in  man  tlian  the  monkey.  (Set; 
Figs,  290  ami  21)1.)    The  chief  motor  areas  follow: 

(i)  Laryitjr.  Anneetant  gyrus  Wtween  the  base  of  the  as<^x'n<Iing 
frontal  and  the  a.sci-nding  ]mrietnl  g^TJ. 

(ii)  Tongue.  Ba.se  of  the  iLscending  fn>ntal  gj'ras,  overlapping  to 
quite  an  extent  the  contignon.s  jmrtion  of  the  a.-^tviidrrig  parietal  gyrus. 

(Ill)  Face.  Contiguous  ]>ortion.s  of  asci'iidiiig  frontal  and  ]»arietal 
gyri,  behind  the  inferior  frontal  gyms, 

(iv)  Thumb.  Contiguous  |)ortiuns  of  asirnding  frontal  and 
parietal  gyri,  jiLit  alnive  (in), 

(v)  Fingerit  and  Wrint.  Contigiions  |>ortions  of  luscenthng  frontal 
and  pariet^  ^y'l  jxi-stcrior  to  the  pars  inferior  of  the  middle  frontal 
gyriLt. 
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(vi)  Exner's  Writing  Centre.  Posterior  poition  of  the  middle  frontal 
gyrus,  and  the  contiguous  portion  of  the  ascending  frontal  gynis; 
on  the  left  side  of  the  cerebrum,  in  ri^t-handed  people,  Posidbly 
this  centre  does  not  exist  as  a  separate  entity,  but  is  merely  the  centre 
for  the  highly  specialized  finger  movements  necessarj-  in  writing,  uA 
is,  therefore,  present  only  in  the  left  side  of  the  brain  in  the  rijjit- 
handed,  since  only  the  right  hand  is  trained  in  writing, 

(vii)  Forearm.  Ascending  frontal  and  parietal  gyii,  posterior  to 
the  pars  inferior  of  the  middle  frontal  gyrus. 

(viu)  Arm.    Immediately  above  (vii), 
*f  (ix)    Movemenia  of  Mastication.    Posterior  portion   of  the  pus 
superior  of  the  middle  frontal  gyrus. 


rl^hi  §id«.    {IJcrcum.) 


(x)  Trinik:  Posterior  end  of  the  first  or  superior  frontal  gyrus, 
and  the  iidjiici'iit  jxtrtion  of  the  ascending  frontal. 

(xi)  Thifjh.    I'pjKT i-ncLs  of  tho  a.scending  frontal  and  parietal  gyri. 
(xii)  Calf  ami  Liij.    Ascending  frontal  and  parietal  gjTi,  posterior 

to     (XI. 

(Xiiil  Foul  ami  Tiir.t.  Ascending  parietal  gJTUS  and  posterior 
jmrtiim  of  Ihc  {:yni,s  nuirginalis. 

(Xivl   M'lrrmritlx  iif  Haul  in  Listening.     Middle  portion  of  first 

( x\  )  .  \xsiiri(ilril  Moirinriit.i  of  Eijes  and  Head,  as  in  Looking.  Po»- 
Ifriiir  ]«irti(ni  of  die  pars  irifcridr  of  the  superior  frontal,  and  of  the 
pars  sn]MTii)r  ul'  tlic  inidillc  fnmtal  gyru.s. 

^x^l)  Moiriainia  of  ibc  Etjcballa  Alone.    Gyrus  angularis. 
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(c)  Motor  Speech  Oentre. — ^This  centre  is  of  such  transcendent  impor- 
tance as  to  demand  special  consideration.  It  is  located  in  the  posterior 
half  of  the  third  or  inferior  frontal  gyrus,  on  the  left  side  of  the  brain, 
in  right-handed  people.  It  is  therefore  a  unilateral,  instead  of  a 
bilateral  centre.  Since  Broca  (1861)  was  the  discoverer  of  the 
location  of  the  motor  speech  gyrus,  it  is  often  called  Broca's  convo- 
lution, lesions  of  this  left  gyrus  produce  what  is  called  motor 
aphasia,  the  patient  being  unable  to  utter  words. 

(d)  Higher  Motor  Oentres.— It  is  not  likely  that  we  originate  motion 
in  the  so-called  motor  areas  of  the  cortex.  Probably  there  are  three 
motor  levels:  (i)  the  highest  cortical  centre,  (ii)  the  motor  area  in  the 
ascending  frontal  and  ascending  parietal  gyri,  and  (in)  the  ventral 
cells  of  the  spinal  cord.  The  highest  centre  is  probably  in  the  frontal 
lobe.  A  case  of  Dieulafoy,^  with  a  lesion  in  the  anterior  part  of  the 
left  frontal  lol>e,  suffered  from  Jacksonian  epilepsy;  and  Dieulafoy 
has  collected  five  other  cases  of  motor  disturbances  involving  the 
frontal  cortex.  It  appears  that  the  idea  of  motion  may  originate  in 
some  higher  centre,  that  the  proper  impulses  are  then  sent  to  the 
motor  cortex,  that  this  in  turn  incites  the  ventral  cells  in  the  spinal 
cord,  and  that  these  cells  cause  the  proper  muscles  to  contract.  In 
favor  of  the  idea  that  these  highest  motor  centres  exist,  and  that  they 
are  in  relation  to  the  motor  areas  on  either  side  of  the  fissure  of 
Rolando,  is  the  additional  fact  that  what  is  known  as  transcortical 
disturbances  of  movement  occur  clinically.  Tliis  indicates  the  exist- 
ence  of  a  path  of  association  fibres  uniting  a  highest  motor  centre 
with  the  intermediate  centre  in  the  so-called  motor  cortex. 

2.  Localization  of  Sensory  Centres.— These  are  the  somtesthetic 
centre,  the  visual  centre,  the  auditory  centre,  the  olfactory  centre, 
and  the  gustatory  centre. 

(a)  The  Somssthetic  Oentre  is  the  area  of  the  cortex  devoted  to 
the  reception  of  ira|)ulst\s  of  general  sensation,  tactile,  thermal, 
algi\sic,  and  muscular,  and  is  very  extensive,  standing  in  relation  with 
the  extent  of  the  body  surfac*e.  It  is  made  up  of  the  ascending  frontal 
and  parietal  gyri,  of  the  posterior  ends  of  the  superior,  middle,  and 
frontal  gyri,  of  the  posterior  two-thirds  of  the  gyrus  marginalis,  and 
of  the  adjacent  i)ortion  of  the  gyrus  fomicatus.  As  yet  knowledge  is 
too  imperfect  to  permit  of  stating  definitely  just  what  portions  of  the 
surface  of  the  body  are  in  relation  with  the  various  portions  of  the 
soma?sthetic  area,  but  in  a  general  way  it  may  be  affirmed  that  the 
portions  of  the  IkmIv  controlled  by  the  motor  cortex  deliver  their 
soma*sthetic  impulses  to  the  corresponding  motor  areas.  Ilorsley 
believes  that  the  cells  receiving  tactile  impulses  are  those  located  in 
the  granular  layer  of  the  so-c'alled  motor  cortex;  and  that  the  cells 
receiving  muscular  impulses  are  those  located  in  the  layer  of  small 

>  I  a  seiiiuine  inC'd.,  October  2),  1901. 
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pyramidal  cells.  There  are  doubtless  several  levels  for  sensory 
impulses,  the  optic  thalamus  being  one  of  the  lower  ones.  From 
this  level  impulses  pass  to  the  somsesthetic  area,  where  they  are 
probably  perceived  in  an  elementary  way. 

Stereognosis. — A  highest  sensory  centre,  however,  undoubtedly 
exists,  and  in  the  so-called  stereognostic  sense  has  its  exemplification. 
An  individual,  grasping  an  object,  as,  for  example,  a  pocket  knife, 
can  tell  what  it  is  without  looking  at  it,  merely  from  its  **feel."  This 
latter  depends  upon  several  qualities:  the  sense  by  which  its  weight 
is  judged  of,  the  tactile  sense,  the  thermal  sense,  the  space  sense. 
If  any  one  of  these  senses  is  gone,  the  ability  to  identify  an  object  by 
"active  touch"  is  impaired  or  lost;  yet,  on  the  other  hand,  cases  have 
occurred  where  each  one  of  these  senses  has  been  preserved,  and 
still  the  stereognostic  sense  has  been  lost.  Clinically,  the  sense  is 
localized  in  the  superior  parietal  convolution,  a  so-called  silent  area. 
But,  as  Flechsig  has  shown,  this  area  is  rich  in  association  fibres, 
though  very  poor  in  projection  fibres.  It  is  evidently  then  an  asso- 
ciational  area.  To  it  are  doubtless  transmitted  all  the  various 
elementary  impulses,  from  the  correlation  of  which  the  identification 
of  an  object  follows.  The  highest  somaesthetic  memory  centres  are 
probably  located  in  the  superior  parietal  convolution. 

(b)  The  Visual  Oentre. — As  in  general  sensation,  so  in  vision,  there 
are  several  levels.  The  retina  itself  is  the  first  level  of  vision;  the 
pulvinar  constitutes  a  second  level,  and  the  lower  cortical  level  lies 
in  the  cuneus  of  the  occipital  lobe,  chiefly  involving  that  portion  next 
the  calcarine  fissure.  The  relation  of  this  area  to  the  eye  is  partially 
crossed — i.  c,  visual  impulses  from  the  left  eye  reach  the  left  cuneate 
gyrus  from  the  temporal  half  of  the  retina,  and  the  right  cuneate 
gyrus  from  the  nasal  half  of  the  retina.  Injuries  of  the  cuneate  gyrus 
will,  therefore,  result  in  hemianopia,  in  which  half  of  each  retina  b 
blended.  If,  for  example,  the  left  cuneate  gyrus  is  destroyed,  the 
left  half  of  each  retina  is  rendered  blind  and  the  right  half  of  each 
\asual  field  is  therefore  lost,  since  rays  of  light  from  the  right  field 
are  the  ones  which  fall  upon  the  left  half  of  the  retina.  Injury  to  the 
optic  radiations  of  Gratiolet  produces  the  same  results,  since  they 
interrupt  the  course  of  the  impulses  to  the  visual  cortex. 

There  are,  however,  higher  visual  centres.  One  may  have  the 
men*  sensation  of  seeing  something,  but  if  there  he  no  memory  of  the 
thing  having  been  previously  seen,  there  is  and  can  be  no  recognition 
of  the  object,  niere  must  be,  then,  a  higher  visual  centre  for  the 
storage  of  visual  memories.  This  is  believed  to  be  in  the  gyrus 
supram^rginalis,  and  to  he  bilaterally  represented.  Especially  inter- 
esting is  the  centre  for  the  location  of  visual  word  memories;  this 
centre  being  located  either  in  the  gyrus  supramarginalis  or  angularis 
or  both,  in]the  left  cerebral  cortex,  in  right-handed  people.  This  centre 
is  therefore  a  unilateral  one. 
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(c)  The  Auditory  Centre. — Impulses  of  hearing  have  been  already 
traced  by  way  of  the  lateral  fillet  to  the  auditory  cortex,  which  lies  in 
the  first  and  second  temporal  gyri.  It  is  certain  that  each  ear  is 
connected  with  the  cortex  of  both  sides  of  the  brain;  hence  cortical 
lesions  of  the  temporal  gyri  do  not  produce  deafness.  Just  as  in  the 
case  of  vision,  we  must  postulate  a  higher  memory  sound  centre. 
We  may  hear  the  call  of  a  particular  bird  as  a  mere  sound,  or  we 
may  hear  the  call  and  at  the  same  time  recollect  what  sort  of  bird 
made  the  call  before,  and  on  what  occasion  we  heard  it.  There  are, 
then,  two  auditory  levels — a  level  for  the  perception  of  mere  sound, 
and  an  identification  level.  So  far  as  is  now  known  these  two  levels 
are  bilateral.  A  third  level,  a  centre  for  the  identification  of  spoken 
words,  the  so-called  verbal  auditory  or  word  centre,  lies  in  the  middle 
portion  of  the  left  first  temporal  gyrus  in  right-handed  people. 

{d)  The  OlfftctoryOentre. — ^^Fhe  olfactory  tract  in  man  is  anatomically 
very  imperfectly  understood.  The  olfactory  apparatus  really  origi- 
nates as  a  distinct  morphologic  entity,  the  rhinencephalon.  Indeed, 
in  many  of  the  lower  mammals  only  rudiments  of  the  pallium  are 
possessed,  most  of  the  cerebral  hemispheres  consisting  of  the  rhin- 
encephalon alone,  the  olfactory  lobe  really  constituting  one-half*  of 
the  entire  forebrain.  In  man,  on  the  other  hand,  the  rhinencephalon 
is  poorly  developed,  and  the  pallium  develops  as  in  no  other  animal. 
Impulses  pass  from  the  olfactory  membrane  to  the  olfactory  bulb, 
thence  backward  through  the  olfactory  tract.  The  fibres  of  the 
mesial  root  extend  along  the  inner  side  of  the  brain  to  the  septum 
pellucidum,  over  this  into  the  fornix,  and  thence  to  the  cortex  of  the 
comu  Ammonis.  The  fibres  of  the  lateral  root  pass  backward  over 
the  anterior  perforated  space  and  disappear  in  the  uncus  of  the 
hippocampal  gyrus.  Intimately  connected  with  the  olfactory  apparatus 
are  the  fornix,  the  stride  pineales,  the  ganglion  hal)enul8e,  the  fasciculus 
retroflexus,  and  the  bundle  of  Vicq  d'Azyr.  Tlie  hippocampal 
gyrus  seems  to  be  the  centre  for  the  reception  of  olfactory  impulses, 
and  the  fornix  appears  to  connect  the  comu  Ammonis  with  the  optic 
thalamus.  The  centre  for  the  memory  of  smells  and  odors,  by 
which  identification  is  made  possible,  may  lie  in  or  near  the  uncus 
of  the  hippocampal  gyrus. 

(e)  The  Oiutatory  Oentre  is  even  more  hazy  than  the  olfactory. 
A  lower  and  higher  centre  undoubtedly  exist,  the  lower  for  the  mere 
perception  of  taste,  the  higher  for  the  memory  of  tastes.  The  taste 
centre  is  said  to  lie  in  the  fourth  temporal  gyrus. 

3.  PATHOLOOIO  PHT8I0L00T  OF  THE  CEREBRAL  OORTEX. 

Aphasia,  (a)  Oeneral  Oonsideratioxu. — Words  are  related  to  the  cere- 
bral cortex  in  four  ways:  they  can  be  spoken  and  written,  and  they 
can  be  read  and  heard.    We  have,  therefore,  four  chief  varieties  of 
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word  losses  dependent  upon  cortical  injury:  (i)  inability  to  speak, 
called  motor  speech  aphasia,  or  aphemia;  (ii)  inability  to  write,  called 
graphic  motor  aphasia,  or  agraphia;  (iii)  inability  to  read,  called 
visual  aphasia,  or  word  blindness;  (iv)  inability  to  understand  spoken 
words,  called  auditory  aphasia,  or  word  deafness.  As  has  already 
been  stated,  the  cortical  seat  for  motor  speech  is  the  left  third  or 
inferior  frontal  convolution;  the  seat  of  written  speech  is  Exner's 
writing  centre,  or  the  posterior  portion  of  the  left  middle  frontal 
convolution;  the  seat  for  the  reading  of  written  words  is  the  left 
gyrus  angularis;  and  the  seat  for  hearing  words  is  the  middle  portion 
of  the  left  first  temporal  convolution. 

Attention  is  called  to  the  accompanying  Fig.  292,  which  shows  how 
the  primary  word  centres  are  mutually  dependent.    Thus  writing 

Fig.  292 


Diagram  to  illustrate  aphasia:    A,  writing  centre;  B,  motor  speech  centre;  C,  visual 

word  centre;  D,  auditory  word  centre. 

from  dictation  presupposes  a  path  from  D  to  A,  for  the  words  are 
first  heard,  and  are  then  committed  to  paper.  In  any  school-room  the 
importance  of  educating  this  pathway  is  fully  appreciated.  Reading 
aloud  is  also  necessarily  taught.  The  words  are  read  at  C,  and  an 
associational  or  transcortical  path  leads  to  B,  whereby  the  words  are 
spoken.  Copying  from  a  copy-book  is  a  proper  educational  measure, 
for  tlie  words  are  read  and  appreciated  at  C  and  put  on  paper  by  the 
centre  A.  The  earliest  transcortical  path  cultivated  is  from  D  to  B. 
The  infant  hears  the  words  at  D,  and  says  them  after  the  person 
speaking  them  through  the  centre  B, 

Individuals  vary  greatly,  as  was  originally  pointed  out  by  Charcot, 
in  the  receptive  capacity  of  the  primary  word  centres.  Most  people 
retain  tenaciously  that  which  they  hear;  hence  lectures  are*  the 
favorite  medium  for  advanced  instruction.    Others  can  learn  only  by 
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committing  things  to  paper;  hence  the  method  of  learning  by  the 
formation  of  abstracts  or  synopses  is  common  among  students.  In 
general  it  may  be  affirmed  that  nothing  is  well  known  unless  it  is 
lodged  in  two  centres  with  a  well-defined  associational  pathway 
between.  Many  students  find  the  D  A  or  the  C  A  pathways  the  most 
efficacious;  taking  notes  on  lectures  or  abstracting  text-books. 
Primary-school  children,  as  a  rule,  begin  with  the  C  B  and  the  D  B 
pathways,  learning  to  read  aloud  or  learning  by  repeating  "in  concert*' 
after  a  teacher.  It  is  only  the  more  advanced  student  who  cultivates 
the  D  A  and  the  C  A  pathways,  involving  the  writing  centre. 

(b)  Olassiflcation  in  general  aphasia  is  said  to  be  simple  when  it 
involves  a  primary  word  centre,  as  A,  B,C,  or  D.  It  is  said  to  be 
combined  when  it  involves  two  centres,  and  these  centres  must  be 
adjacent,  the  usual  combinations  being  A  B,  B  D,  and  C  D.  Owing 
to  the  wide  separation  of  A  and  C,  the  A  C  combination  scarcely  exists. 
Aphasia  is  said  to  be  transcortuxd  when  it  involves  an  associational 
pathway,  as  the  lines  DB,  D  A,  CB,  and  CA.  Of  these  the  one  which 
is  the  best  known  is  the  D  B  pathway.  An  individual  afflicted  with 
such  a  lesion  has  what  is  called  paraphasia.  Speech  is  possible, 
because  the  motor  speech  centre  B  is  intact,  but  since  the  connection 
between  word  hearing  and  motor  speech  is  broken,  the  patient  is 
unable  to  correct  his  own  mistakes,  of  which  he  makes  large  numbers. 
For  further  information  concerning  this  important  subject  the  student 
is  referred  to  the  various  text-books  upon  nervous  diseases. 


4.  FUNCTION  OF  THE  0ORPU8  OALLOSUM. 

The  great  central  commissure  has  long  been  a  subject  of  much 
speculation  as  to  its  physiology.  Putnam*  has  gathered  together 
thirty-eight  cases  of  tumor  of  the  corpus  callosum  confirmed  by  post- 
mortem examination,  and  has  arrived  at  valuable  conclusions,  llie 
main  defects  are  progressive  failure  of  mentality,  rapidly  developing 
stupor,  and  absolute  physical  and  mental  inertia.  The  power  of 
initiative  seems  to  be  wholly  lost.  Spitzka  sees  in  the  development 
of  the  corpus  callosum  an  index  of  the  mental  development  of  the 
individual. 

5.  FUNCTION  OF  THE  CORPUS  STRIATUM. 

Careful  pathologic  and  clinical  study  goes  to  show  that  the  lenticular 
nucleus  has  some  control  of  motion,  since  lesions  of  this  nucleus 
result  frequently  in  dissociated  paralyses,  the  adjacent  internal 
capsule  being  uninjured.'    Possibly  this  nucleus  is  a  place  for  the 

1  Joumal  of  NenrouB  and  Mental  Diseaaes,  1901. 

*  Mingauiiii,  RlrlBta  iper.  de  Fren  e  Meg.  leg.,  zxtU.  and  xxvllL 
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passage  or  origin  of  a  group  of  motor  fibres  destined  for  the  opposite 
side  of  the  body.  liesions  of  the  right  lenticular  nucleus  cause  no 
speech  disturbances.  Lesions  of  the  left  nucleus  cause  such  disturb- 
ances if  they  are  located  in  the  mesial  portion,  or  at  the  ansa  lenticu- 
laris.  No  sensory  function  is  attributable  to  the  corpus  striatum. 
According  to  Hale-^Vhite  and  others,  brief  increases  of  temperature 
result  from  both  experimental  injury  and  spontaneous  disease  of  this 
body.  It  is  therefore  supposed  to  contain  one  of  the  heat-regulating 
centres. 

6.  FUNCTION  OF  THE  INTERNAL  CAPSULE. 

The  function  of  the  internal  capsule  is  purely  conductive.    Since 
it  is  the  first  point  where  all  the  motor  pathways  from  brain  to  cord, 
and  all  of  the  sensory  pathways  from  cord  to  brain,  meet  and  pass 
one  another,  its  importance  from  a  clinical  standpoint  is  immense.  The 
function  of  those  fibres,  which  lie  in  the  anterior  limb,  is  unknown. 
Since  disease  of  the  angle  and  the  anterior  half  of  the  posterior  limb 
causes  contralateral  hemiplegia,  invoKing  both  face  and  tongue,  as 
well  as  speech,  we  know  that  this  area  represents  the  motor  portion 
of  the  capsule.     The  remaining  portion  of  the  posterior  limb  is 
engaged  in  conducting  to  the  cerebrum  impulses  of  general  sensibility 
from  the  opposite  side  of  the  body,  as  well  as  impulses  of  taste,  smell, 
hearing,  and  sight.    Vasomotor  fibres  are  also  evidently  located  in 
the  posterior  limb  of  the  internal  capsule. 


7.  HIGHER  CEREBRAL  FUNCTIONS. 

It  is  not  within  the  province  of  this  brief  manual  to  discuss  bigber 
cerebral  functions  or  the  intellect  of  man.  For  a  treatment  of  this 
subject  the  student  is  referred  to  the  various  works  on  psychologj'. 

Innumerable  clinical  obser\'ations  make  it  certain  that  the  physical 
basis  of  the  mind  of  man  is  tlie  cerebral  cortex.  That  certain  attributes 
of  the  mind  are  lost  with  the  functional  destruction  of  certain  portions 
of  the  cortex  indicates  that  the  locaUzation  of  function  is  not  con- 
fined to  sensation  and  to  vohtion. 

Through  the  interrelation  and  interaction  of  cerebral  centres  one 
is  not  only  conscious  of  sensation,  but  he  interprets  the  sensation, 
referring  it  to  some  object  outside  of  the  brain  itself.  Such  an  inter- 
pretation of  sensation  is  called  Perception. 

Sensations  and  perceptions  affect  the  brain  structure  in  some 
mysterious  way  leading  to  a  retention  of  the  impression,  with  ability 
on  the  part  of  the  subject  to  call  up  the  impression  again:  Memory 
and  RecoUeciioii. 

Thn>ugh  the  aid  of  the  memory  a  series  of  sensations  and  per- 
ceptions may  be  combined  into  a  clear  mental  picture:    Conception, 
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Conception  merges  into  Irruiginaiion,  for  the  latter  is  the  "power 
of  the  mind  to  create  mental  pictures  out  of  the  data  derived  from 
experience."  These  mental  pictures  may  either  be  faithful  repro- 
ductions of  previous  sensations  and  perceptions:  Representative 
imaginaiion  (Conception);  or  the  mind  may  construct  entirely  new 
pictures  combined  from  various  elemental  sensations  and  perceptions: 
Constructive  imaginaiion,  or  Imagination  proper. 

Given  the  powers  enumerated  and  defined  above  the  mind  is  able 
to  make  a  series  of  judgments  or  conclusions — i.  r.,  to  Reason. 

As  a  result  of  reason  the  subject  may  deliberately  enter  upon  a 
certain  line  of  action.  The  power  of  the  mind  to  will  to  do  is  called 
Volition,  or  The  WUl. 

Sensations  through  the  medium  of  memory  may  call  forth  in  the 
mind  a  series  of  Emotions:  fear,  anger,  love,  hatred,  etc. 


CHAPTER   XII. 

THE  PHYSIOLOGY  OF  THE  MUSCULAR  SYSTEM.^ 

A.  GENERAL  ACTIVrriES  OF  MUSCUIJVR  TISSUE. 

B.    ENUMERATION    AND   CLASSIFICATION   OF   THOSE   MUSCULAR 
ACTIVmES  ARISING  FROM  A  CHANGE  IN  FORM. 

1.  THE  INVOLUNTARY  MUSCLES. 

2.  THE  VOLUNTARY  MUSCLES. 

(a)  Muscular  Organs:  The  Tongue. 

(6)  Muscle-bone  Organs:  The  Skeletal  Muscles. 

(1)  General  Functions  of  Mu8cle-^>one  Organs, 

(2)  Special  Functions  of  Muscle-bone  Organs, 

(3)  Animal  Mechanics. 

^.SOENEEAL  ACTIVITIES  OF  MUSCXTLAS  TISSUE. 

Under  the  influence  of  the  nervous  system  various  chemicali 
thermal;  electric,  and  morphotic  changes  occur  in  constant  succession 
in  muscle  tissue.  In  our  study  of  metabolism  we  found  that  in  this 
tissue  the  most  active  metabolic  changes  take  place.  Even  when  a 
muscle  is  said  to  be  resting,  i,  e,,  not  undergoing  morphotic  changes, 
the  metabolism  within  the  tissue  may  be  very  active. 

(a)  Chemical  Changes. — Under  general  metabolism  we  found 
that  muscle  tissue  is  the  scene  of  important  chemical  changes.  Most 
important  among  these  changes  is  the  oxidation  of  dextrose,  with 
the  attendant  consumption  of  oxygen  and  liberation  of  CO,  and 
HjO.  The  katabolism  of  energy-producing  ("circulating")  proteins 
must  now  be  recalleil.  The  result  of  this  katabolism  is  the  formation 
of  nitrogenous  (kreatin,  etc.)  and  non-nitrogenous  molecules  of 
simple  structure  (COj  +  H^O,  etc.).  Next  in  importance  is  the 
destructive  metabolism  of  muscle  protoplasm.  Incident  to  this 
katabolism  oxygen  is  consumed,  and  CO,,  H,0,  and  a  nitrogenous 
molecule — kreatin,  for  example — ^are  liberated.  Recent  investigations 
in  this  field  make  it  certain  that  a  part  at  least  of  the  carbon,  hydrogen 
and  oxygen  lil)erated  in  muscle  katabolism  takes  the  form  of  sarco- 
lactic  acid — CIIa'CHOHCOOH — which  gives  the  acid  reaction  to 
fatigued  muscle. 

1  Introductory  to  this  subject  review,  under  General  Physiology,  Uie  topics:  "Motion "and 
"  ContracUlity." 
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(/9)  Thermal  Changes. — ^Incident  to  the  katabolic  changes  just 
enumerated  energy  must  be  liberated.  This  energy  may  take  different 
forms.  In  a  resting  muscle  the  energy  is  liberated  in  the  form  of  heat. 
Recall  the  fact  that  the  muscle  tissue  is  the  tissue  of  thermogenesis. 
It  is  probable  that  in  simple  thermogenesis  the  katabolism  involves 
almost  exclusively  the  dextrose  and  "  circulating"  or  energy-producing 
proteins,  leaving  the  muscle  protoplasm  unimpaired.  The  thermo- 
genetic  activity  of  muscle  tissue  is  under  the  direct  control  of  thermo- 
genetic  centres  in  the  brain. 

(y)  Electric  Changes. — ^Katabolism  of  muscle  tissue  and  of 
circulating  nutrients  within  muscle  tissue  is  always  attended  with 
the  liberation  of  heat  energy.  It  may  or  may  not  be  attended  with 
the  liberation  of  electric  energy.  It  seems  fairly  well  established 
that  electric  changes  manifest  themselves  only  when  the  muscle 
contracts  (the  current  of  injury — demarcation  current — excepted). 
That  part  of  the  muscle  where  the  contraction  wave  begins  is  electro- 
negative to  that  part  of  the  muscle  yet  uninfluenced  by  the  con- 
traction wave.  In  the  beating  heart  the  base  is  electronegative  to 
the  apex  when  the  systole  begins,  and  at  the  end  of  systole  the  apex 
is  electronegative  to  the  base. 

(<J)  Changes  of  Form. — One  of  the  forms  of  energy  liberated 
in  muscle  metabolism  is  mechanical  energy.  Mechanical  energy 
manifests  itself  by  moving  matter  through  space.  In  the  locomotion 
of  an  animal  mechanical  energy  is  manifested.  Animal  locomotion 
in  higher  animals  is  performed  by  use  of  the  skeletal  structures  as 
levers.  The  levers  are  set  in  motion  by  the  tension  of  muscle  tendons. 
This  tension  is  possible  only  as  a  result  of  a  change  of  form  of  the 
muscle.  The  muscle  contracts  by  increasing  its  lateral  dimensions 
at  the  expense  of  its  longitudinal  dimensions.  This  brings  the  origin 
and  insertion  of  the  muscle  nearer  together.  If  the  origin  of  the 
muscle  is  a  fixed  point,  tension  will  be  exerted  upon  the  insertion. 
Thus  the  change  of  form  of  muscles  makes  it  possible  for  them  to 
perform  mechanical  work  as  one  of  the  manifestations  of  the  energy 
liberated  in  muscle  metabolism. 


B.  ENUMEKATION  AND  CLASSIFICATION  OF  THOSE 
MUSCULAR  ACTIVITIES  ARISINO  FROM  CHANOE 
IN  FORM. 

1.  THE  INVOLUNTART  MUSCLES. 

1.  Non-Striated  Involuntary  Muscles.  («)  Character  of  Con- 
traction.- -Slow,  somewhat  prolonged,  and  relatively  weak.  Ex- 
amples: (i)  Peristaltic  contraction  of  walls  of  alimentarj'  canal  and 
of  ducts  of  associated  glands,   (ii)  Contraction  of  bladder  in  act  of 
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micturition,  (iii)  Contraction  of  walls  of  bloodvessels,  (iv)  Con- 
traction of  uterine  walls  in  act  of  parturition,  (v)  Contraction  of 
ciliaryjmuscles  injactjoff accommodation,  (vi)  Contraction  of  the 
erector  pili  muscles  in  "CvHs  anserina,'*  (vii)  Contraction  of  gland 
ducts  in  general. 

(/?)  Mechanics  of  Movements  Produced  by  Unstriped  Mus- 
cle.— In  examples  (i),  (ii),  (in),  (iv),  and  (vii)  the  walls  of  the 
cylindric  or  subspheric  organs  in  question  contract  upon  the  more 
or  less  fluid  contents  of  the  organs.  There  is  no  leverage  and  no 
antagonistic  muscular  action.  The  contraction  produces  pressure 
of  the  wall  toward  the  centre  of  the  enclosed  space.  The  pressure 
is  equal  upon  all  equal  areas  of  the  wall,  and  the  tendency  is  to 
drive  the  liquid  contents  toward  the  direction  of  least  resistance,  to 
ward  the  physiologic  outlet  of  the  cavity.  In  examples  (v)  and 
(vi)  the  muscles  contract  against  the  elasticity  of  certain  tissues 
which  oppose  their  action.  During  relaxation  of  the  muscle  the 
elasticity  of  the  tissues  restores  the  relations  of  the  tissues  to  their 
usual  position. 

2.  Striated  Involuntary  Muscle.  The  Heart  is  a  Striated 
Ina'oluntary  Muscle. — ^The  contractions  of  the  heart  are  peridaUie 
in  cJiaracter.  Though  peristalsis  is  somewhat  obscured  in  the  heart 
action  in  higher  vertebrates,  one  has  only  to  refer  to  the  action  of 
that  organ  in  lower  vertebrates  or  in  the  embryonic  life  of  higher 
vertebrates  to  be  convinced  of  the  truth  of  the  statement.  The 
character  of  the  contractions  of  heart  muscle  differs  very  much  from 
that  of  other  involuntary  muscles:  first,  in  the  rapidity  of  the  con- 
tractions; and  second,  in  the  force  of  the  contraction.  It  is  probable 
that  the  striation  is  the  effect  of  this  difference  of  action  rather  than 
its  cause. 

The  mechanics  of  the  heart  action  are  of  the  same  order  as  in 
the  examples  citeil  above,  being  a  contraction  of  the  walls  of  a  hollow 
organ  upon  the  contents,  expelling  them  in  the  direction  of  least 
resistance. 

2.  THE  VOLUNTART  MUSCLES. 

a.  Muscular  Organs:  The  Tongue. 

A  purely  muscular  organ  like  the  tongue  of  one  of  the  higher 
animals,  the  prolxvscis  of  the  elephant,  or  the  prehensile  upper  lip 
of  the  horse  and  allieil  animals,  notably  the  tapir,  present  the  most 
perftH^t  tyjH\s  of  universal  motion  in  the  animal  economy.  Ilie 
tongue  may  In*  lengtheneil  or  shortened,  raised  or  lowered,  swept 
friMu  side  to  siile,  or  circumducted  at  will.  ITie  highly  mobile  and 
prehensile  touijue  of  the  cow  may  even  present  various  combina- 
tions  of    these    movements    in    different   portions    of    the    tongue. 
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The  movements  may  be  rapid  and  strong.  From  the  stand- 
point of  mechanics  the  tongue  represents  a  flexible  lever  of  the 
third  class,  whose  fulcrum  is  the  base  of  the  tongue  and  whose 
weight  may  be  represented  by  the  tip.  The  power  is  applied  between 
the  fulcrum  and  the  weight  by  the  contraction  of  the  muscles  on 
one  side  of  the  lever  to  turn  the  tip  in  that  direction.  The  central 
portion  of  the  lever  would  be  represented  by  the  relaxed  muscles 
on  the  convex  side  of  the  tongue. 

6.  Mu8cle-bone  Organs:  The  Skeletal  Muscles. 

Muscle  alone  or  bone  alone  could  not  accomplish  locomotion  or 
any  of  the  general  movements  of  the  body.  A  locomotory  organ 
among  the  vertebrates  has  two  essential  components,  viz.,  muscle  and 
bone.  The  so-called  skeletal  muscular  system  is  a  system  composed 
of  muscle-bone  organs. 

1.  The  Oeneral  Functions  of  Muscle-bone  Organs. — (a)  Flexion 

and  Extension  are  terms  applied  to  the  bending  and  the  unbending 
of  segments  of  the  body  or  of  its  appendages.  For  example,  the 
forearm  may  be  flexed  upon  the  upper  arm,  and  then  straightened 
out  or  extended.  The  fingers  are  flexed  when  one  grasps  an  object 
and  extended  when  one  releases  the  object.  The  thigh  may  be  flexed 
upon  the  abdomen,  the  leg  may  be  flexed  upon  the  thigh,  and  the 
foot  may  be  flexed  upon  the  leg. 

(b)  Adduction  and  Abduction  are  terms  applied  to  the  carrying 
of  arms  or  legs  toward  or  away  from  the  median  ventral  plane  of 
the  body. 

The  confusion  which  exists  in  the  application  of  some  of  these 
terms,  especially  of  abduction,  adduction,  flexion,  and  extension  of 
arm,  necessitates  their  further  illustration.  To  that  end  let  us  recall 
the  general  disposition  of  the  muscle-bone  organs  in  a  typical 
mammal.     (See  Figs.  293  and  294.) 

Adduction  is  the  bringing  of  the  femur  or  humerus  toward  the 
median  ventral  plane  of  the  body,  or  the  bringing  of  a  digit  toward 
the  axis  of  the  pes  or  the  manus.  Abduction  is  motion  in  the  opposite 
direction.  Man  in  his  erect  position  with  the  arms  held  in  the  hori- 
zontal plane  laterally  may  bring  them  toward  the  median  ventral 
plane,  keeping  them  in  the  horizontal  plane — Ventral  Adduction  of 
the  Humerus;  or  he  may  bring  them  to  the  same  median  plane 
above  the  head — Anterior  Adduction  of  the  Humerus;  or  he  may 
bring  them  down  to  the  sides — Lateral  Adduction  of  the  Humerus. 
In  a  similar  manner  there  may  be  Posterior  and  Ventral  Adduction 
of  the  Thigh  or  Femur,  but,  except  in  the  case  of  contortionists,  the 
hip-joint  will  not  admit  of  lateral  adduction.  WTien  the  typical 
mammal  stands  upon  all-fours  the  anterior  and  posterior  extremities 
of  one  side  define  a  ventral  plane.     In  flexion  the  femur  moves 
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anterioily  in  that  plane  until,  in  extreme  flexion,  it  lests  upon  the 
abdomen.  The  humerus  in  flexion  moves  posterioriy  in  the  vertical 
plane  until,  in  extreme  flexion,  it  rests  against  the  thorax  or  slides 
along  the  thoracic  wall  until  its  axis  approaches  or  even  passes  a  line 
paraUel  to  the  axis  of  the  body.  In  man,  when  in  the  erect  position, 
with  the  arms  extended  horizontally  in  front  (ventrally)  and  parallel 
to  each  other,  the  arms  would  be  flexed  upon  the  body  by  bringing 
them  down  to  the  thoracic  walls,  keeping  them  in  the  vertical  plane 
throughout  the  movement. 

(c)  Rotation. — Certain  joints,  notably  the  ball-and-socket  joints 
at  the  proximal  extremities  of  humerus  and  femur,  admit  of  a  rotation 
of  the  limb  about  its  axis.  If  one  rests  the  weight  upon  the  heel  the 
toe  may  be  swung  to  right  or  left  through  an  angle  of  about  90  d^rees. 
It  is  neither  the  ankle-joint  nor  the  knee-joint  which  moves  in  thb 


Fig.  298 


FIQ.2M 


Dlasrr&m  of  typical  nmmmalian  skeleton. 
>  Flexion,  >  Extension,  — ^---— >  Adduction,  •..•».»•.,.»..>  Abduction. 

case,  but  the  hip-joint,  the  head  of  the  femur  rotating  readily  within 
the  acetabulum  of  the  innominate  bone.  In  a  similar  way  the  arm 
may  be  rotated  upon  its  axis  through  the  rotation  of  the  head  of  the 
humerus  in  the  glenoid  cavity  of  the  scapula.  Another  rotating 
articulation  is  found  between  the  two  bones  of  the  forearm;  the 
radius,  rotating  upon  the  external  condyle  of  the  humerus,  is  thrown 
obliquely  across  the  ulna  in  'pronation  and  drawn  back  parallel  to 
the  ulna  in  supination.  Under  the  head  of  rotation  one  may  enumer- 
ate:   (i)  rotation  proper;  (ii)  pronation  and  supination. 

(d)  Circomdnction. — All  joints  which  are  subject  to  the  four 
motions,  flexion,  extension,  adduction,  and  abduction,  are  subject 
also  to  the  movement  called  circurndtuiion.  One  may  swing  the 
arm  or  the  leg  around  in  a  circle;  this  is  circumduction,  and  it  is 
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clearly  a  combination  of  the  four  motions  just  enumerated.  The 
muscles  and  nerves  involved  in  such  a  motion  are  simply  a  combi- 
nation of  those  involved  in  the  four  primary  movements  taken 
together. 

What  muscles  are  involved  in  the  above  enumerated  functions? 
What  is  the  innervation  of  the  muscles?  Through  which  spinal 
nerve  does  the  innervation  come?  Opposite  which  spinous  process 
is  the  deep  origin  of  the  enumerated  nerves?  Whence  comes  the 
blood  supply  of  the  muscles  ?  All  of  these  questions  are  of  importance 
to  the  clinician.  They  are  briefly  answered  in  the  following  table, 
the  data  for  which  have  been  taken  from  Quain,  Edinger,  and  Gowers : 

2.  Special  Functions  of  Mosde-bone  Organs. — (a)  Motions  of 
THE  Cranium  upon  the  Spinal  Column. 
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09)  Movements  of  the  Upper  Arm. 


FUHO- 

Muacua. 

miBYK 
BOOT. 

■BO.  OF  OOBDl 

Tiojr. 

lliJIUIVAXlOX. 

BLOOD  WmT. 

1 

LatlMimoB  DoxBi 
TeretM^or 
PMt  Seg.  of  Delt 
Oonoo-bndlL 

Sabecumuur 
Circ.  tt>.  Cerr.  PL 
Masonlo  CntUL 

7C 
7C 
4-6C 
»-7C 

Betf^CSp. 
Bet5-6aSpu 
OpiS^aSpu 

(^.  sasp. 

Axillarj 
«< 

Poet  Cirooa. 
BraeUal 

Ezten- 
■ion. 

Pvtrtoralifl  MiO. 
Aiit.AlIid.88.DeL 
Coraoo-lnradi. 
8apr»-^iuUiia 

Ant  Thr.  Br.  C  PL 
drcnmflex 
MoMolo  Cataa. 
8apr>  ncepnler 

7C 

4-«C 

».7C 

Bet5-6C.Spu 
Bet2-6aSpu 

op.sasp. 

Bet  4-5  0.  Sp. 

Axillarr 
Ant  CbeoB. 
BraeUal 
Poet  A8apn8|L 

• 

Feet  Ifayf.  low  K 
LaU«imii8  Dona 

TerwMiO. 
Long  Hd.  TMeepa 

Oi>noo4>raeh. 

Ant  Thonele 
U  aahecapwler 
Moae.  Br.  SabeoL 
L.Br.  diouB. 
MoMolo  Ontan. 

7C 
7C 
6-7 
4-7  C 
»-7C 

Bet5-6C.8p. 

M 

5-7 
4-6-6 

AxUlarj 

•< 

« 
Bn^ial 

Ant  A  Mid.  8^.  DeL 

Upper  Br.  CIroaiB. 
Sapra  acapnlir 

4-5C 
5-6C 

Bet2-6CSpu 

5-6 

5-6 

Ciroamiez 
Fj>rt.8a^^ 

• 

antU  horisootol 
then  low  pt  eete 
Sabecepnlmria 

Ant  Thoiaeie 
External  and 
Internal 
SabecMNilar 

7C 

44C 
»-7C 

Bet  5-6  aSpu 

Bet 5-6  aSp. 
5^ 

Axillary 

15 

ss 

>< 

Sobeeapolar 
Bnchial 

Port.  Seg.  Deltoid 
InfresDinatas 

Sap.  Br.  Ciienm. 
Sapra  ncapnlar 
Br.  of  CIreom. 

4-5C 
5-6C 
4-6C 

BetS-6C.Spu 
6-6 

6-7 

Port.Clfean. 

Sobeeapolar 

Axillary 

(r)  Movements  of  Forearm. 
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(o)  Movements  of  the  Hand. 
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(e)  Movements  of  Thigh. 
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II        II 

II        II 

Addu^ 
Uon. 

Adduct  Mag. 
Adduct  Long. 
Adduct  Brev. 
Pectineus 
Gracilis 

Sup.  Glut  Br.GtSc. 
II            II 

II            II 

Ant  Crura] 
Obturator 

1-4  L 

Above 
II 

II 

II 

Above 
II 

II 

II 

II 

Ob.  Gl.  Int  a 
II     II     II     II 

II     II     II     II 

II     II     II     II 

II     (t     II     II 

Abduc- 
tion. 

Glut  Medina 
Glut  Minimus 
Tens.  Vag.  Fem. 

See  above 

II       II 

II       II 

Above 
II 

II 

Above 
II 

•1 

Gluteal 
II 

Ext  arcum. 

l'^ 

Pyriformis 
Geroelli  inf  et  Sup. 
Obturator  int  et  Ext 
Quadratus  Femoris 

Br.  from  Sacral 
•1      II       II 

Obet  A  Br.  from  8c. 
5tb  burab.  1st  Sc. 

1-4  L 

II 

1-4  L 

Op.  1  L.  Sp. 

II 

II 
•■    II 

it 

&i 

. 

RoUt'n 
inw'd. 

Glut  Med. (ant  bun.) 
Glut  Min.     •• 

See  above 
II       II 

(c)  Movements  of  Leg  and  Foot. 


FUWO- 
TIOK. 

MUSCLES. 

INNBBVATION. 

1 

BLOOP  tfUPPLY. 

Flexion  of 
Leg  (ems.). 

Biceps  Femoris 

Semimembranosis 

Semitendinosis 

Popliteus 

Gracilis 

Sartorius 

Gastrocnemius 

Sup.  GluK  8.  Scia. 

ir          II         II      II 
II           II         11      II 

Int  Popliteal 
Obt  Br.  Gt  Sciat 
Ant.  Crural 
Int.  Popliteal 

2-3L 

II 

II 

3-48 
Abv. 
6  L 
Abv. 

Op.  1  L.  Sp. 

II 
II 
II 
II 
•1 

Prot  Femoris 
II          II 

II          II 

Pr.Fem.  PoitTb. 
Prof.  Fem. 
Popliteal 
Post  Tib. 

Ext  of 

^Leg 

(cms.). 

Rectus  Femoris 
Vastus  Externus 
Vastus  Intemus 
Cm  reus 

Ant.  Cmrai 
11         11 

II         II 

II         II 

Abv. 

II 

II 
II 

Bet  11-12. 

ti 

II 
II 

Prot  Fem. 
II       II 

Anast  Mag. 
Pop.  Pro.  Fem. 

Flex,  of 
foot 

TibUlis  Anticus 
Peroneus  Tertius 
Ext  Long.  Dig. 
Ext  Prop.  Hallucius 

Ant  Tibial 

II        II 

II         II 
II        II 

Abv. 
II 

II 

II 

Bet  11-12. 
II 

11 

II 

Ant  Tibial 
Peroneal 
Ant  Peron. 
Ant  Tibial 

Extension  of 
foot 

Gastrocnemius 
Soleus 

Tibialis  Post 
Peroneus  Longus 
Peroneus  Brevis 
Plantaris 
Flex.  Long.  Dig. 

Int  Popliteal 
II          II 

Post  Tibial 

Musculo  Cutan. 
It           II 

Int  Popliteal 
Post  Tibial 

Post.  Tibial 
Munculo  Cutan. 

Abv. 
•1 

1-2  L 

4-5  L 

II 

Abv. 
II 

Abv. 
It 

Bet  11-12. 
•1 

11 

II 

it 

ti 

II 

Post.  Tib. 

Peroneal 

Post  Tib. 

Peroneal 
II 

II 
Post  Tib. 

• 

1 

Tibialis  Posticus 
Peroneus  Brevis 

Bet  11-12. 

il 

Post  Tib. 
Peroneal 

3 

Ext  Long.  Hallucius 
Tibialis  Anticus 

Ant  Tibial 
It        il 

Abv. 
it 

Bet  11-12. 
ti 

Ant  TibUl 
II        II 
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In  the  compilation  of  the  above  table  it  was  found  that  the  state- 
ments of  Gray,  Quain,  and  other  anatomists  do  not  agree  as  to  the 
function  of  particular  muscles.  In  all  such  cases  the  author  has 
accepted  the  authority  of  Duehenne^  whose  classic  work,  **Phtfsiologie 
des  MouvemerUs,"  stQl  remains  without  an  equal. 

3.  Animal  Mechanics. — ^Animal  mechanics  is  the  application  o( 
the  laws  of  mechanics  to  animal  motion.  Tlie  bones  are  used  as 
levers;  the  articular  surfaces  of  bones  usually  serve  as  fulcrums, 
while  the  power  is  exerted  by  the  muscles.  In  a  vast  majority  of 
cases  the  bones  represent  levers  of  the  third  class — in  which  rapidity 
of  motion  is  attained  at  the  expense  of  power.  In  other  words,  tl^ 
arrangement  of  the  bone-musde  organs  is  such  that  a  contraction  of 
a  musde — moderate  in  extent  and  rate  of  motion — is  manifested  bv 
a  movement  of  the  limb  which  is  much  in  excess,  as  to  extent  and 
rate,  of  the  movement  of  the  power. 

In  solving  problems  in  animal  mechanics  the  principal  factors  to 
be  considered  are:  (i)  the  relative  length  of  the  two  lever  arms; 
(n)  the  relative  sise  of  the  muscles  involved  in  any  movement;  (m) 
the  direction  in  whidi  the  power  acts,  and  (rv)  the  wei^t  to  be 
moved. 

(a)  Ptobtems  m  Animal  Mudtaniwt. — ^Two  typical  problems  in 
animal  mechanics  are  the  following:^ 

1.  Determine,  in  a  particular  case,  the  tension  exerted  upcfa  the 
tendo  Adiillis  in  supporting  the  wei^t  (60  kilograms)  of  the  subject 
upon  the  ball  of  ihe  foot. 

2.  How  mudi  tension  would  there  be  on  the  biceps  tendon  in 
the  subject  upon  your  dissecting  table  when  he  holds  a  ten4dlo. 
iron  ball  in  the  most  advantageous  position?  Hiis  b  a  typical 
prv^blem.  and  its  solution  will  make  the  difficulties  to  be  encountered 
appaivnt.  It  will  also  show  that  nothing  more  than  an  a|^ro3dmate 
solution  can  be  attaineil  without  an  extended  and  detaQed  study. 

S^^LiTiox. — ^The  principal  muscle  involved  in  the  required  action 
Wing  the  biceps,  the  mo^  advantageous  position  is  the  one  in  whkji 
that  muscle  exerts  its  power  in  a  line  perpendicular  to  the  lever. 
Placing  the  subject's  arm  as  nearly  as  possiUe  in  that  position,  one 
tnkes  the  foUowing  measurements:  i*  The  long  arm  of  the  lever: 
this  wouki  be  fn>m  the  centre  of  ardctilation  between  the  humerus 
ami  the  ulna,  to  the  centre  of  the  ten-kDo.  ball,  which  would  be, 
approximately,  to  the  distal  extremities  of  the  metacarpal  bone 
^36  oiu.^.     ,ii'  The  shon  arm  of  the  biceps  lever;  this  would  be  the 

x\>esfcv.l.\-*:Ai  tc^.'C^.-st:*  »  luci  iftkl  w.-.i  ;i»e  ^os^TT  «x«r5<*i  is  a  socre 
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distance  from  the  centre  of  the  insertion  of  the  biceps  to  the  fulcrum 
— ^the  centre  of  articulation  (6  cm.),  (m)  The  short  arm  of  the  lever 
for  the  brachialis  unticus.  If  the  brachialis  anticus  were  exactly 
parallel  to  the  biceps  the  short  arm  would  be  the  distance  from  the 
insertion  to  the  fulcrum  (5  cm.),  as  in  the  biceps;  but  it  is  not  parallel. 

A  line  drawn  from  the  fulcrum  perpendicular  to  the  axis  of  the 
brachialis  anticus,  /  a',  is  shorter  than  the  line  /  a.  The  angle  between 
the  brachialis  anticus  and  the  biceps  is  approximately  10  degrees; 
therefore,  the  angle  a  f  a'  would  be  approximately  10  degrees;  then 
a'  /  is  the  cosine  10  degrees  or  98  per  cent,  of  the  radius  a  /  (5  cm,), 
or  4.9  cm. 

(tv)  The  power-arm  of  the  supinator  longus  is  the  perpendicidar 
distance  from  the  fulcrum  to  the  line  of  force  of  the  supinator  longus 


MeelKiilcs  of  Beiioii  < 


:lbeforautn.   [Th«  npper  D  la  t«  be  nitdenhMd  u  «'.] 


and  is  represented  by  the  line  /  »,  which  is  4.8  cm.  Now  the  carpal 
and  digital  flexors  which  take  origin  from  the  humerus  act  as  forearm 
flexors  after  having  flexed  the  carpus  and  digits.  In  the  action  under 
consideration  they  would  not  be  brought  into  forcible  action  as  carpal 
and  digital  flexors.  We  may,  therefore,  ignore  them  and  confine  our 
discussion  to  the  three  muscles  mentioned  above. 

In  the  action  of  the  biceps  the  long  arm  is  36  cm.  and  the  short 
arm  6  cm.;  in  the  action  of  the  brachialis  anticus  the  long  arm  is 
36  cm.  and  the  short  arm  4.9  cm.;  in  the  action  of  the  supinator 
longus  the  long  arm  is  36  cm.  and  the  short  arm  4.8  cm.  Blueing 
these  to  per  cent,  ratios  we  have:  For  the  biceps,  which  we  will 
designate  as  b,  16.6  per  cent,  leverage;  for  the  brachialb  anticus, 
ffhicb  we  will  designate  as  a,  13.6  per  cent,  leverage;  and  for  the 
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supinator   longus,   which  we  will   designate   as  9,   13.3  per  cent. 
leverage. 

But  there  is  another  important  consideration:  Fick  has  demon- 
strated that  when  the  fibres  are  parallel  the  strength  of  two  musdes 
is  proportional  to  the  areas  of  their  cross-sections.*  TTie  average  ratio 
of  the  diameter  of  the  three  muscles  in  question  is  4  :  2  :  1,  respect- 
ively; but  the  areas  of  the  cross-sections  would  be  proportional 
to  the  squares  of  the  diameters,  or  as  16  :  4  :  1,  respectively.  This 
means  that  with  the  same  leverage  the  biceps  would  lift  four  times 
as  much  as  the  brachialis  anticus,  and  that  the  brachialis  anticus 
would,  with  the  same  leverage,  lift  four  times  as  much  as  the  supinator 
longus. 

We  have  now  discussed  the  relation  of  these  three  factors  as  to 
leverage  and  as  to  relative  power  exerted. 

As  to  leverage  one  may  say:  The  power  of  the  three  muscles 
varies  in  proportion  to  biceps  leverage  (6/) ;  brachialis  anticus  leverage 
(at);  supinator  longus  leverage  (si),  respectively;  or,  mathematicaUj 
expressed,  P  varies  as  6/  :  o^  :  si,  or  varies  as  16.6  :  13.6  :  13.3.  As 
to  cross-section  one  may  say:  The  power  varies  in  proportion  to  the 
respective  cross-sections  (s)  or  P  varies  as  bs  :  as  :  ss  =  16  :  4  : 1. 
Now,  when  any  function  varies  with  two  or  more  variable  factors, 
its  variation  when  influenced  by  the  action  of  all  of  these  factors  at 
once  would  be  represented  by  the  product  of  the  several  variables. 
Then  the  power  varies  as  the  leverage  times  the  cross-section  of  each 
of  the  muscles  when  all  act  together,  or,  expressed  mathematically, 
P  varies  as  b(lXs):  a{lXs):  s(lXs). 

But  b(lXs)  =  16.6  X  16  =  265.6,  or  79.7  per  cent,  of  the  total 
power  exerted;  a{lXs)  =  13.6  X  4  =  54.4,  or  16.3  per  cent,  of  the 
total  power  exerted ;  .^(/X«)  =  13.3  X  1  =  13.3,  or  4.0  percent,  of  the 
total  power  exerted ;  total  =  333.3,  or  100.0  per  cent. 

But  the  weight  supported  by  the  action  of  these  muscles  is  10  kilos. 
If  the  biceps  does  79.7  per  cent,  of  the  total  work,  it  would  support 
7.97  kilos.  What  would  he  tension  upon  the  tendon  of  the  biceps 
when  it  is  supporting  7.97  kilos,  at  the  end  of  its  lever?  One  needs 
only  to  use  the  16.6  per  cent,  leverage  (7.97  -r-  16.6  per  cent.)  to  find 
that  the  tension  would  be  47.8  kilos.  A  similar  process  shows  that 
the  approximate  tension  upon  the  tendon  of  the  brachialis  anticus 
is  12  kilos,  and  upon  the  tendon  of  the  supinator  longus  3  kilos. 

(6)  The  Amount  of  Contraction  of  a  Muscle  bears  a  fairly 
constant  ratio  to  the  resting  length  of  the  muscle.  This  law  of 
muscle  physiology  was  discovered  and  demonstrated  by  Ed.  Fr. 
WebeP  and  was  cited  by  Strasser^  as  an  example  of  the  adaptation 
of  muscle  tissue  to  the  mechanical  requirements  of  the  body.    Weber 

1  Hermann's  Handbiich  der  Pbysiologie,  vol.  1.  p.  295. 

'  Mechanik  der  menschlichen  Gehwerkzeuge,  1851. 

s  Funktlonellen  Anpassimg  der  Quergestreiften  Mtukeln,  1883. 
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showed  that  the  maximum  contraction  of  which  a  muscle  fibre  is 
capable  is  approximately  47  per  cent,  of  its  resting  length.  Both 
Weber  and  Strasser  looked  upon  this  as  the  factor  which  determines 
the  length  of  the  muscles,  and  the  location  of  their  points  of  origin 
and  insertion.  In  all  of  the  skeletal  muscles  the  tension  of  the  con»- 
tracting  muscle  is  greater  than  the  weight  lifted.  The  farther  the 
insertion  of  a  muscle  from  a  joint  (fulcrum)  the  less  the  tension  upon 
the  muscle  and  the  greater  the  amount  of  contraction  or  shortening 
necessary;  but  the  inherent  structure  of  striated  muscle  tissue  seems 
to  set  47  per  cent,  as  the  limit  of  the  extent  of  its  contraction.  The 
fact  that  all  skeletal  muscles  actually  do  contract  that  much  (varying 
however,  in  special  instances  from  44  per  cent,  to  62  per  cent.) 
indicates  that  the  position  of  the  origin  and  insertion  or  the  length 
of  muscle  tissue  (excluding  tendon)  between  the  origin  and  insertion; 
or,  more  likely,  that  both  of  these  strudural  features  have  been  deter- 
mined  by  the  laws  of  selection^  and  now  represent  in  all  highly  organized 
animals  the  most  ^perfect  mechanical  adjustment  consistent  with  the 
inherent  properties  of  muscle  tissue. 

(c)  Problems  in  Human  Locomotion,  {a)  The  Muscles  Used  in 
Locomotion. — Let  a  person  stand  erect  with  heels  together;  let 
him  take  several  steps  forward  and  stop  in  a  position  similar  to 
the  one  which  he  had  at  the  beginning.  What  is  the  mechanism 
of  starting?  What  muscles  are  involved  in  starting?  What  is  the 
mechanism  of  locomotion?  What  muscles  are  involved  in  locomotion? 
What  is  the  mechanism  of  equilibration  while  walking?  What 
muscles  are  involved  in  maintaining  the  equilibrium  while  walking? 
What  is  the  mechanism  of  stopping?  What  muscles  are  involved  in 
stopping?  How  is  the  equilibrium  maintained  during  the  process  of 
stopping?  What  muscles  are  involved  in  the  maintenance  of  equi- 
librium while  standing?  How  does  running  differ  from  walking  in 
the  starting,  the  locomotion,  the  equilibration,  and  the  stopping? 

(/3)  The  Energy  Involved  in  Locomotion. — How  far  is  the 
body  lifted  at  each  step  when  one  walks  over  a  level  surface?  When 
one  walks  up  an  incline  of  30  degrees?  WTien  one  walks  down  an 
incline  of  30  degrees?  Does  one  do  work  while  walking  down  hill? 
If  so,  how  may  it  l)e  computed  ?  If  not,  why  does  one  l)ecome  fatigued 
in  descending  an  incline?  How  much  energy  will  a  70-kiIo.  man 
expend  in  walking  1  kilo,  on  a  level  road  ?  (Suppose  the  man  to  be 
172  cm.  in  height,  and  to  have  a  pubic  height  of  tS8  cm.)  A  part  of 
the  energy  will  be  expended  (i)  in  lifting  the  body,  (ii)  a  part  in 
maintaining  equilibrium,  (in)  and  a  part  in  overcoming  resistance. 
Express  in  kilogram-metres  the  amount  of  energy  expended  in  (i). 
How  coulrl  one  determine  the  amount  of  energy  expended  in  (ii)  ? 
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CHAPTER    XIII. 

REPRODUCnON.i 
THE  PHYSIOLOGY  AND  MORPHOTXXJY  OF  REPRODUCTION. 

1.  THE  OVUM. 

2.  MATURATION. 

3.  FERTILIZATION. 

4.  SEGMENTATION. 

5.  THE  EMBRYO:  HISTOGENESIS. 

(a)  Th£  Deveix)pmknt  of  the  Germ  Layers. 

(6)  The  Development  of  the  Prxmitive  Segments. 

(c)  The  Beginning  of  the  Nervous  System. 

(d)  The  Mesenchyme. 

(e)  The  Origin  of  the  Urinary  System. 

(/)  Summary  of  Early  Development:  Histogenesis. 

6.  THE  FETUS:  ORGANOGENESIS. 

(a)  The  Circulatory  System. 
(6)  The  Respiratory  System. 
(c)  The  Digestive  System. 
(</)  The  Urogenital  System. 

(f)  The  Cextr.\l  Nervous  System. 

7.  THE  FETAL  ENVELOPES. 

(a)  The  Fet.vl  Membranes. 

(6)  Materx.kl  Portion  op  Envelopes:  Decidu.k  and  Placenta. 

8.  THE  PHYSIOLOGY  OF  THE  EMBRYO  AND  FO^US. 

(a)  Nutrition. 

(6)  Motosensory  AcTI^^TY. 

9.  THE  PHYSIOLOGY  OF  MATERNITY. 

\^(i\  Pregnancy  and  Parturition. 
\)y)  Lactation. 

The  parental  phases  of  reproduction  include  all  of  those  activities 
involveil  in  the  pnxluction  of  offspring.  TVo  general  phases  in  the 
production  of  offspring  are  (i)  the  transmission  of  heitxlitary  char- 

>  The  imnxhioiion  t«>  the  prtxvssesol  reprodoctioo  may  be  found  in  Part  I.,  Cellular  Bwloffv. 
It  i;<  prv«)^>eie«.l  to  i:i\*e  here  a  very  brief  summary  of  mammalian  reproduction  and  development, 
osjvoialiy  emphaj^iziug  the  physiologic  phases  of  the  prooeases. 
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acters  and  (ii)  the  nourishment  and  protection  of  the  young  during 
a  longer  or  shorter  period  of  development. 

In  mammalian  reproduction  one  may  profitably  consider  the 
following  special  processes:  (i)  The  formation  of  the  germ  celb; 
the  maturaium  of  the  germ  cells;  the  conjugation  or  fusion  of  the 
germ  celts  (JertUvaUvm).  {n)Tiie3egmeniationoi  the  fertilized  ovum; 
the  tTtiravterine  devdopmeni  successively,  of  the  blastoderm,  the 
gastrula,  the  three-layered  embryo,  and  .the  fcetus;  parturition; 
lactation;  extravienne  development. 

Some  of  these  processes  represent  activities  of  the  parents;  some, 
those  of  the  developing  young. 


Uunuui  apennkUiiaa.  x  1000.  1,  iaproflle; 
2.  Tlewed  on  Ifae  fial ;  A,  hcail ;  f.  middle  piece ; 
d.  ull ;  e,  end  piece  of  ihe  Mil,  wblch  It  de- 
KTJbed  M  ft  dliUnct  pan  bj  BeUliu.    (Schilfer, 

ITie  paternal  portion  of  the  general  process  consi-sts  in  the  pro- 
duction of  the  male  germ  cells  and  assisting  in  the  nourishment  and 
protection  of  the  young  during  its  extrauterine  development.  The 
male  reproductive  cell — the  spemiatozaon  (Fig.  296) — serves  the 
double  purpose  (l)  of  transmitting  to  the  offspring  the  hereditary 
characters  of  the  paternal  ancestral  line,  and  (ii)  of  inducing  in  the 
ovum  the  process  of  segmentation. 

The  maternal  portion  of  the  general  process  con.sists  in  the  pro- 
duction of  the  female  gcrni'  cells  and  the  protection  and  nourishment 
of  the  young  during  intrauterine  development  and  infancy,  and 
assisting  in  its  nourisliment  an<l  protection  during  childhood  and 
youth. 

The  offspring  is  passive  as  an  individui^  during  intrauterine  life. 
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but  its  cells  and  tissues  are  exceedingly  active.  The  activity  takes 
the  form  of  the  following  processes:  Segmentation,  formation  of 
embryonic  layers,  development  of  tissues  and  organs  draviang  suste- 
nance for  these  structures  from  the  maternal  organism. 

Without  further  following  the  distinction  between  parental  and 
embryonic  processes  we  may  now  summarize  the  whole  process  of 
reproduction  and  development. 


1.  THE  OVUM. 

The  ovum  is  a  simple,  single  cell.  The  parts  of  this  gigantic  cell 
have  received  special  names:  the  cell  wall  is  called  the  vitelline 
membrane;  the  protoplasm  with  its  reserve  nutriment  is  called  the 
yolk,  the  nucleus  becomes  the  germinal  vesicle;  the  nucleolus  the 
germinal  dot  (Fig.  297). 

2.  MATURATION. 

Before  the  egg  is  ready  to  be  fertilized  the  process  of  maturation 
takes  place  in  the  following  manner,  in  the  egg  of  an  echinodenn 
(Fig.  298,  a  to  gr) : 

(i)  The  germinative  vesicle  gradually  moves  from  the  centre  of 
the  egg  toward  its  surface,  its  nuclear  membrane  disappears,  and  the 
germinative  dot  breaks  up  into  small,  hardly  visible  fragments. 

(ii)  There  arises  out  of  a  part  of  the  nuclear  substance  of  the 
germinative  vesicle  a  nuclear  spindle  which  pursues  still  farther  the 
direction  taken  by  the  germinative  vesicle  until  it  touches  with  its 
apex  the  surface  of  the  yolk,  where  it  assumes  a  position  with  its 
long  axis  in  the  direction  of  a  radius  of  the  sphere. 

(ill)  A  genuine  process  of  cell  division  soon  takes  place  here,  which 
is  to  be  distinguished  from  the  ordinary  cell  division  only  in  this:  that 
the  two  products  o/  cell  division  are  of  very  unequal  size. 

More  exactly  expressed,  this  process  is  a  cell-budding  (gemmation). 
This  process  of  gemmation  occurs  twice.  The  two  small  cells  are 
called  polar  bodies. 

(iv)  After  the  conclusion  of  the  second  process  of  budding  the 
remaining  ])art  of  the  spindle,  one-fourth  of  the  original  spindle,  is 
left  in  the  cortical  layer  of  the  yolk.  From  this  arises  a  new,  small, 
vesicular  nucleus,  which  consists  of  a  homogeneous  fluid  substance 
without  distinct  nucleolus.  From  its  peripheral  position  it  usually 
migrates  slowly  hack  toward  the  middle  of  the  egg.  Thus  it  completes 
in  four  phases  the  process  of  maturation.  There  is  no  reason  to 
doubt  that  the  process  of  maturation  in  the  mammalian  egg  is  in  any 
important  feature  different  from  that  in  the  egg  of  the  echinodenn. 
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3.  FERTILIZATION. 


Fertilization  is  the  union  of  egg  cell  and  spermatic  cell,  more 
technically  union  of  their  nuclei;  without  this  union  a  complete, 


iionnal  (ievelopnieiit  into  tin-  perfect  adult  form  is  impossible.    The 
spermatic    cell    is    the   male  element  of    reproduction;    in    most 
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animals,  both  vertebrate  and  invertebrate,  the  sperm  cell  is  a  flagellate 
cell  whose  head  represents  the  nucleus  and  whose  flagellum  repre- 
sents the  protoplasm.  The  male  element  being  the  active  one  in 
reproduction,  the  flagellum  serves  as  a  locomotor^  oTgan  (Figs.  298 
and  299). 

Fertilization  may  take  place  within  the  bodj  of  the  female  or 
external  to  it — internal  or  external  fertUaation.  (Intfemal '.  most  verte- 
brates.    External:  fishes,  amphibia,  and  most  invertebrates). 

(l)  At  fertilization  only  a  smgle  spermatozoon  penetrates  a  sound 
egg,  which  occurs  at  the  apex  of  the  cone  of  attraction. 

(u)  The  head  of  the  spermatozoon  is  converted  into  the  spermatic 
nucleus,  around  which  the  naghboiing  protoplasmic  granules  are 
radially  arranged  (Fig.  300). 

(m)  The  egg  nucleus  and  spermatic  nucleus  migrate  toward  each 
other  and  in  most  instances  immediately  fuse  to  form  the  tegmeniatim 
nucleus  (Figa.  301  and  302). 

Fertilization  depends  on  the  copulation  of  two  cell  nuclei  which 
are  derived  from  the  male  cell  and  a  female  cell.  The  male  and 
female  nuclear  substances  contained  in  the  spermatic  nucleus  and 
egg  nucleus  are  bearers  of  the  peculiarities  which  are  transnussble 
from  parents  to  their  offspring. 


4.  SEaUNTATION. 

Fertilization  is  in  most  cases  immediately  followed  by  further 
development  which  be^ns  with  the  division  of  the  egg  cell  into 


an  ever-increasing  number  of  ever-decreastng  sized  celb — the  prooess 
of  segmentation  or  cleavage  (Fig.  303,  A  to  F). 
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(a)  Internal  Phenomena  of  Segmentation.  1st.  The  cleavage 
nvdeus,  at  first  spheroidal,  forms  the  centre  of  a  radiation  which 
affects  the  whole  yolk  mass,  but  it  soon  begins  to  be  slightly  elongated, 
to  become  less  and  less  distinct.  The  monocentric  radiation  is 
divided;  the  two  newly  formed  radiations  thereupon  move  to  the 
poles  of  the  elongated  nucleus;  they  rapidly  separate  and  finally 
each  occupies  a  half  of  the  egg. 

The  nucleus  while  in  the  process  of  division  consists  of  an  acromatic 
and  a  chromatic  figure — ^the  former  a  spindle  composed  of  a  definite 
number  of  fibres,  the  latter  the  same  number  of  V-shaped  nuclear 
segments — chromosomes,  which  lie  upon  the  surface  of  the  middle 
of  the  spindle.  2d.  The  chromosomes  split  lengthwise  and  their 
halves  move  in  opposite  directions,  apex  first,  to  the  polar  centro- 
somes,  where  they  form  the  daughter  stars,  later  the  daughter  nuclei. 

(fi)  External  Phenomena  of  Segmentation  consist  in  the 
division  of  the  egg  contents  into  cells,  the  number  of  which  correspond 
to  the  number  of  nuclei. 

5.  THE  EMBRTO. 

Be^nning  with  a  single  cell — ^the  egg  cell — we  have  followed  the 
development  of  a  mass  of  cleavage  cells—the  morula,  blastula,  of 
which  there  are  four  forms. 

a.  The  Development  of  the  Oerm  Layers. 

1.  The  Blastula,  with  one  germ  layer. 

(a)  In  Amphioxus  the  cleavage  cavity  is  very  large  and  its  wall 
consists  of  a  single  layer  of  cyUndric  cells  of  nearly  uniform  size 
(Pig.  304,  a). 

(^)  In  Amphibia  the  cleavage  cavity  is  small;  the  wall  consists 
of  a  thin  pole  composed  of  small  cells  and  a  thick  pole  composed  of 
several  layers  of  large  cells  (Fig.  300,  b). 

(y)  In  Fishes,  Reptiles,  and  Birds  the  cleavage  cavity  is  fissure- 
like or  wanting;  the  roof  is  the  germ  disk  and  the  floor  is  the  yolk 
mass,  which  is  not  divided  into  cells  (Fig.  306,  c). 

(d)  In  Mammals — ^Man — ^the  cleavage  cavity  is  spacious  and  filled 
with  albuminous  fluid;  the  wall  is  a  single  layer  of  hexagonal  cells, 
with  the  exception  of  one  pole,  whose  larger  cells  in  a  mass  extend 
into  the  cavity. 

2.  The  Oastrula,  with  two  germ  layers.  The  invagination  of 
the  blastula  forms  the  two  layers  of  the  gastrula;  the  outer  layer  is 
the  ectoderm  or  epiblast;  the  inner  layer  is  the  entoderm  or  hypoblast; 
the  cleavage  cavity  is  obliterated;  the  invagination  cavity  is  the 
coelenteron,  its  external  mouth  the  primitive  mouth,  blastopore, 
primitive  groove,  or  prosUyma. 
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(a)  Ik  Ahphioxus  the  blastopore  is  \»Tge,  the  coelenteron  cipt- 
cioiis,  each  germ  layer  composed  of  a  sin^e  sheet  of  cylindrical  celb 
(Fig.  307). 

(^)  In  Amphibia  the  blastopore  is  small,  the  mass  of  yolk  cells 
is  veatral  to  the  ccelenteron,  which  is  arched  upward  and  is  fissure- 
like  (Kg.  308). 

(x)  In  Fishes,  Reptiles,  and  Birds  the  blastopore  is  crescentic; 
the  germinal  disk  becomes  two-layered  by  means  of  ingrowth  of  cells 
from  the  blastopore.  The  ccelenteron  is  ventral  to  the  lower  layei 
of  cells — i.  e.,  it  is  ventral  to  the  hypoblast  (Fig.  309). 


('!)  In  Mammaus  the  blastopore  is  minute  and  circular,  and  over 
a  thickened  pole  the  ccelenteron  and  cleavage  cavity  are  one  and  the 
same  cavity. 

In  all  vertebrates  the  gastnila  presents  bilateral  symmetry  and 
anteroposterior  differentiation;  the  blastopore  is  always  posterior — 
dorso  ventral  diffiTontiation — and  the  yolk  mass  is  always  ventral. 

3,  The  Embryo,  wilh  three  germ  layers. 

Ill  all  viTtebrates  there  are  formed  from  the  roof  of  the  ccelenteron 
two  lateral  evaginations  of  the  inner  germ  layer  or  h^'poblast,  by 
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means  of  which  the  ccelenteron  is  divided  into  a  median  cavity — 
the  intestine — and  two  lateral  cavities,  ccelomic  cavities,  or  body 
caviUes.    The  primary  inner  germ  layer  thus  becomes  differentiated 


Tlie  proc«B  of  guInilaUon,  Gastrula  of  ampbloxui  (a) ;  oi  amphibian  (b) :  of  b 
iD&Tiimal  (nibbll)  (d) :  td.,  ectoderm  ;  ait.,  entoderm ;  N..  blulopore  or  prImltlTe  moath :  cwJ.. 
calenteroDi  d.  I,,  v.  I.,  dorsal  and  reatral  llpe:  |>.  c.  y.  p.,  yolk  cell*  and  jolk  ping:  ■>,  meeo- 
blari.    (Aftar  UertwlB.) 

into:  (i)  The  second  inner  germ  layer — hypoblast,  (ii)  Meaothelium 
of  splanchnopleure  and  somatopleure.  (lii)  Notochord.  These  are 
gradually  separated  fn>m  each  other  by  constrictions. 
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The  development — i.  e.,  differentiation  of  the  mesoblastic  plates- 
takes  place  from  before  backward  while  the  growth  takes  place  at 
the  blastopore,  thus  pushing  the  embryonal  layers  forward  from  that 


point.  During  the  growth  of  the  mesobtast  the  blastopore  has  been 
metamorphosed  into  the  primitive  groove  (Figs.  310  and  311).  The 
primitive  groove  undergoes  degeneration  and  is  not  converted  into 
any  oif;an  in  the  adult. 


...  .  ot  Lhe  MBsMpoTe  and  lU 
^ — imorphosla  In  the  chick  embryo: 
B,  blBsloporeortiHon;  btoi.  blasto- 
pore or  t,  chick  gndually  iranB- 
formed  from  atrauiveree  creioenilc 
sill  to  a  longiludlnal  groove— the 
primltlre  groaro  |c.,  p.g.).     (After 


b.  The  Development  of  the  Primitive  Segments. 

In  the  mammals,  birds,  reptiles,  amphibians,  and  fishes  the  meso- 
blast  first  appears  as  lateral  somatic  and  splanchnic  plates.  At  the 
time  when  these  are  constricted  off  from  the  co-lenteron  the  free 
edges  fuse  and  immediately  thicken  along  the  dorsum  either  side  of 
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the  notochord.  This  thickened  plate  is  the  •primitive  Bcgment  jJaie. 
Immediately  after  formation  this  segment  plate  begins  segmentation, 
first  in  the  trunk  (30  to  50)  and  later  in  the  head,  eleven  in  nmnber 
(Figs.  312  to  316). 

c.  Tha  Begimung  at  the  Nerroos  System. 

The  centra]  nervous  system  of  vertebrates  is  one  of  the  first  to 
be  established  after  the  separation  of  the  genn  into  the  three  primitive 


The  derlTBllon  or  the  nmoblul  &□(!  notochord  froTn  the  primu?  Inner  germ  Urer  (brpcbUM), 
CRa»«ectloaorUieUD|ibioiu>(Sa8);  of  an  Amphibian  (309);  of  ablTd,  3IO),aD(lora  n»Ia(mun- 
■■■alj  (<');  <!•'•  ei^blut;  Kib.,  meaoblast;  Ay.,  hjrpobliut;  cod..  omleaterDn ;  N,  aolachonl.  Note 
that  Id  the  amphibian  (b|  the  mesoblait  la  prelCf  clcarl;  divided  Into  Kimalopleuilc  (mt.)  and 
sidaDcbnoplearlo  meaothellum  (ip.).    (Heilwlg,  alter  BalRmr.  Ueape,  tfol.) 

layers — epiblast,  mesoblast,  and  hypoblast.  It  is  developed  out  of 
a  broad  band  of  the  epiblast,  the  medullary  plate,  which  lies  in  the 
median  line  just  over  the  notochord.  Along  Uiis  band  the  epiblastic 
celb  become  elongated  and  cylindric,  while  the  remaining  epiblast  is 
composed  of  flattened  plates  joining  by  their  edges.  An  evagination 
of  the  margins  of  the  band  forms  the  dorsal  folds  or  medvUary  folds. 
A  continuation  of  the  evagination  and  a  coalescence  of  the  edges  of 
the  folds  accomplishes  a  closure  of  the  neurtU  tube  (Figs.  31 2  to  315). 
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The  part  of  the  neural  tube  which  forms  the  brun  becomes  x%- 
mented  early  in  the  second  day  of  incubation,  twenty-fourth  to 
thirtieth  hour  in  the  chick,  into  three  primary  brain  vesicles:  (i)  the 
primary  forebrain  vesicle,  (u)  the  midbrain  vesicle,  (m)  the  primary 
hindbrain  vesicU.  Between  the  thirtieth  and  thirty-sixth  hour  of 
incubation  the  primary  forebrain  vesicle  gives  off  two  lateral  evagi- 
nations — the  op,ic  vesicles — and  the  primary  hindbr^n  veade 
becomes  divided  into  the  cerdtellar  vesicle  and  the  medvUar  vaidt. 
The  closure  of  the  neural  tube  or  canal  begins  at  the  midbrain  aod 
progresses  anteriorly  over  the  forebnun  and  posteriorly  over  the 
cerebellar  and  medullar  vesicles  and  proceeds  along  the  spinal  cord, 
finally  closing  it  in  at  the  posterior  end  (Fig.  315). 

Now  it  will  be  remembered  that  the  blastopore,  by  virtue  of  tite 
metamorphosis  of  the  crescentic  fold  is  now  located  at  the  anterior 


Transverse  secllan  or  the  embryo  cbick.  Ibrough  cloMd  portion  ol  modulluy  ouul.  Me. 
iDL-dulLiLrj-csiiH]:  Ed,  pcloderm:  ml.  enloderm:  Jfd,  MiF,  outer  and  Inner  Umlns  of  ram- 
durm;  p,  periluiital  Epuce;  cA,  cborda  domlls;  as,  aorta.    (KulUker.) 

end  of  the  primitive  groove.  The  closing  of  the  neural  canal  posterioriy 
includes  the  anterior  end  of  the  primitive  groove  with  the  blastopore. 
It  thus  transpires  that  the  blastoporic  canal  forms  a  direct  communi- 
cation between  the  neural  canal  and  the  ccelenteron  or  alimentaiT 
canal.  This  connection  persists  some  time  and  is  known  as  the 
nearenferic  canal.  It  finally  becomes  obliterated  through  fusion  of 
its  walls.  Thus  the  last  vestige  of  the  blastopore  of  the  higher 
vertebrates  Ix'comes  extinct  in  the  early  stages  of  embryonic  develop- 
ment. 

d.  The  MeseDchyme. 

SixiTi  after  the  formation  of  the  primitive  segments,  these,  which 
arc  lit  first  solid,  .soon  !ic((nire  a  small  ca\ity  around  which  the  cells 
arc  arranged  into  a  continuous  epithelium.     The  part  of  the  wall 
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lying  at  its  lower  median  an^e  begins  to  grow  with  extraordinary 
rapidity  and  to  furnish  a  mass  of  embryonic  connective  tissue  which 
spreads  itself  around  the  cord  and  neural  tube  (Hertwig).  Out  of 
the  iJorsal  and  lateral  parts  of  the  primitive  segment  arises  the  tnmk 
musculature.  The  mesenchyme 
arises  from  three  other  parts  of 
the  mesoblast  besides  the  primi- 
tive segments,  viz.,  (l)  splanchnic 
mesothelium,  (ii)  somatic  meso- 
thelium,  and  (iii)  that  wall  of  the 
primitive  segment  turned  toward 
the  epiblast.  These  four  origins 
of  the  mesenchyme  justify  a 
classification  of  this  important  _  ' 
embryonic  structure  as  (i)  axutl 
mesenchyme,  (ii)  splanchnic  me-  , 

senchyme,    (Hi)   somatic   mesen-  , 

chyme,  and  (iv)  dermal  m^sen- 
chifm^. 

ITie  method  by  which  the  ^n  ^ 
mesenchyme  arises  is  peculiar: 
(i)  there  is  a  rapid  growth  of  the 
cells  at  some  point  in  the  meso- 
blast, accompanied  by  (ii)  a 
vigorous  amteboid  movement. 
This  combination  makes  inva^- 
nation  or  ev^nation  of  a  body 
of  cells  a  mechanical  impossi- 
bility; insteatl  of  that  proces-s, 
itulividiud  cells  leave  the  parent 
epithelium  and,  by  virtue  of 
their  continued  ainii-lKiid  move- 
ments, wander  between  the  soma- 
topleure  and  epiblast  or  tjetween 
the  spl  an  eh  nop!  cure  and  hypoblast,  as  the  case  may  be,  'llic  origin 
and  destiny  of  the  mesenchyme  have  Ix^en  fur  more  than  a  decade  a 
riddle  whose  solution  has  cngagi-d  the  attention  of  His,  KoUiker, 
Heape,  Waldcyor,  an<l  other  embryologists. 

At  the  time  of  the  formation  of  the  mesenchyme — i-nd  of  first  day 
in  the  chick — two  ncccvsities  begin  to  press  themselves  upon  the 
developing  organisms  (i)  necessity  for  mechanical  support,  and 
(ll)  necessity  for  nutrition.  The  first  of  these  iiece-ssities  urges  it.se!f 
upon  the  axial  part  of  the  embrj'o,  for  then-  the  delicate  nervous 
system  is  passing  rapidly  through  the  steps  (»f  its  development.  'ITic 
need  for  nutriment  will  not  Ik;  felt  by  the  epiblast  or  by  the  Iiy|H>blast, 
for  these  layers  are  next  to  the  supply  of  nourishment;  but  by  the 


Enibno  chlLk  Lbuutthi  fortletb  bouroriccu- 
balloD  a  cephullc  exlremll),  Pv,  primitive 
HRmenlA  or  pnHovLMebne .  Dp  durwl  plalea 
still  wldel)  Kpiiritlvd  In  the  caudal  Tegtoii;  Pr. 
primlllve  grooTV     (Kulllker ) 
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inesoblast,  in  contact  with  neither  white  nor  yolk.  It  is  a  law  of 
biology  that  hungry  organisms  ,are  restless,  while  satiated  organisms 
are  sluggish.  Recall  at  this  point  the  fact  that  the  raesoblast  cells 
which  form  the  somatopleuric  and  splanchnopleuric  mesenchyme 
free  themselves  from  the  mesoblast  by  dint  of  amoeboid  movements. 
These  restless  hungry  cells  are  out  foraging.  The  leukocytes  of  the 
adult  body  are  the  descendants  of  these  restless,  hungry,  foraging 
cells  of  the  primitive  mesenchyme.  How  are  the  two  necessities 
mentioned  above  satisfied? 

(a)  The  Necessffy  for  Support  for  the  axial  nervous  system 
is  satisfied  by  the  aodal  mesenchyme  which  closes  about  the  central 
nervous  system  and  the  notochord,  and  later  develops  into  the  axial 
skeleton  with  all  its  associated  connective  tissue. 

0?)  The  Necessity  for  Nutriment  is  solved  by  the  somato- 
pleuric and  splanchnopleuric  mesenchyme  in  the  following  manner, 
as  represented  by  Kdlliker  and  subscribed  to  by  Hertwig:    "At  the 
end  of  the  first  day  of  incubation  the  masses  of  cells  which  represent 
the    mesenchyme    arrange  themselves    in  cylindric   or  irre^ulaiiy 
limited  cords  which  join  themselves  together  into  a  close-meshed 
network;  they  are  the  first  fundaments,  both  of  the  bloodvessels  and 
of  their  contents — the  blood.    In  the  spaces  of  the  network  are  to 
be  found  groups  of  indifferent  cells  which  afterward  become  embryonyc 
connective  tissues,^*    In  the  beginning  of  the  second  day  of  incubation 
the  "cords"  acquire  an  internal  cavity  and  become  bounded  super- 
ficiallv  bv  a  single  laver  of  flattened  polvgonal  cells — the  future 
endothelium  of  the  bloodvessels.    "The  canty  of  the  vessel  is  prob- 
ably formed  by  the  j>enetration  of  fluid  into  the  originally  solid  cord, 
thus  forming  the  plasma  of  the  blood  by  which  the  cells  are  pressed 
apart,"  some  of  these  forming  the  vessel  wall,  some  remaining  floating 
in  the  fluid  and  becoming  the  leukocvtes  and  red  blood  corpuscles. 
The  retl  blotxl  corpuscles  originate,  at  the  first,  in  the  vascular  area 
of  the  yolk,  from  yolk  nuclei.    They  are  nucleated  during  the  early 
embrjonic  life  of  mammals  and  man  and  increase  in  numbers  rapidly 
bv  division. 

e.  The  Origin  of  the  Urinary  System. 

IVfon^  the  actiN-ities  of  life  Ix^n  to  make  themselves  manifest 
bv  the  expenditure  of  energy,  as  in  the  transportation  of  matter 
thri>ui:li  sp^ce — r.  7.,  the  action  of  the  heart  walls  in  the  circulation 
of  the  hKHxl — there  is  no  need  of  an  excreton'  svstem.  If  we  admit, 
then,  that  the  neeil  for  an  excretory  system  arises  during  the  third 
day  in  the  chick,  to  what  shall  we  attribute  the  actual  appearance, 
duriui:  the  stxvnd  dav,  of  a  rudimentarv  urinarv  svstem?  It  must 
Iv  attributoil  to  HF.RKDiTY.  It  is  generally  admitted  that  the  genealogy 
of  vortobnitos  extends  thn>iit:h  tnmcates  back  to  worms.  Fn>m  vour 
studies  in  Zi>6logj'  you  recall  the  segmental  organs  of  ihe  higher 
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worms.  A  pair  is  located  in  each  segment  and  each  segmental  organ 
is  composed  of  (i)  a  ciliated  funnel,  (ii)  a  convoluted  tubule,  (iii)  a 
glandular  segment,  and  (iv)  a  muscular  bladder  which  opens  extern- 
ally. But  this  segmental  arrangement  of  the  excretory  organs  is  an 
expensive  and  clumsy  solution  of  the  matter.  In  the  lower  vertebrates 
we  see  the  following  improvements:  The  uriniferous  tubules  are 
segmental,  but  instead  of  opening  individually  on  the  surface  of  the 
animal,  as  in  worms,  there  is  a  collecting  tube  which  transfers  the 
secretion  of  all  the  tubules  of  one  side  of  the  body  to  a  posterior 
and  ventral  orifice  opening  near  or  into  the  cloaca.  In  all  the  higher 
vertebrates,  including  man,  the  primitive  kidney  or  pronephros  is  a 
segmental  organ,  and  is  quite  rudimentary,  never  performing  the 
function  of  excretion,  even  in  the  embryo.  "The  pronephros  of 
the  chick  is  located  between  the  seventh  and  eleventh  somites.  The 
pronephric  duct,  at  its  first  appearance,  is  a  short,  canal-like  per- 
foration of  the  wall  of  the  body,  which  begins  in  the  body  cavity  with 
one  or  several  ostia  and  opens  Out  upon  the  skin  with  but  a  single 
external  orifice.  Originally  the  outer  and  inner  openings  lie  near 
together;  later  they  move  so  far  apart  that  the  outer  opening  of  the 
canal  is  united  with  the  hindgut."    (Hertwig.) 

/.  Summary  of  Early  Development. 

If  the  student  has  observed  carefully  the  character  of  the  develop- 
mental changes  he  has  noted  three  phases  of  development  going  on 
at  the  same  time:  (i)  The  tendency  to  unequal  growth,  manifested 
at  particular  places  and  occurring  at  particular  times,  resulting  in 
the  general  morphologic  unfolding;  (ii)  the  histologic  differentiation 
manifesting  itself  in  the  development  of  new  tissues  (histogenesis); 
(hi)  the  physiologic  division  of  lalwr,  manifested  by  the  general 
division  of  the  functions  into  those  of  external  relations  and  those  of 
internal  relations;  and  by  the  beginning  development  of  various 
systems  of  organs — nervous  system,  circulatory  system,  excretory 
system,  etc. 

(«)  The  Principle  of  Unequal  Growth  is  manifested  in  the 
chick  during  its  first  two  days  of  development  by:  (i)  the  invagi- 
nation of  the  blastopore;  (ii)  the  evagination  of  the  medullary  folds; 
(ill)  the  evagination  of  the  three  primary  brain  vesicles  from  the 
anterior  end  of  the  neural  tube;  (iv)  the  subsequent  evagination  of 
the  optic  vesicles  from  the  forebrain  vesicle;  (v)  the  evagination  of 
the  lateral  folds  of  mesoblast  from  the  median  hypoblast;  (vi)  the 
separation  of  the  muscle  plates  and  their  subsequent  segmentation; 
(vii)  the  general  emigration,  from  the  mesoblast,  of  the  elements  of 
the  mesenchyme;  (viii)  the  invagination  of  the  pronephric  canals. 

(/J)  The  Principle  of  IIistou)gic  Differentiation  is  mani- 
fested in  histogenesis: 
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HiflrroGEHms. 
Origin  of 
TIiBaes. 


I. 

ECTODBRMIC 

Tissun. 

Tinaesof 

external 

reUtioD. 


n. 

Kmtodbbmic 

Tinun. 

Tinuesof 

internal 

relation. 


EPIBLAflT 

PaopBH. 


Nebyous 

Ststbm. 

Nearoblast. 


MBaOBLAST. 


Hypoblast. 


Cutide  and  appendaoes^  e.g..  hair,  naib. 
seliaoeoat  and  sweat  glands,  enaaiel  of 
teeth. 
Epithelium  of  oonjnnctiTa  and  OMnea. 
nasal  tract  with  rianda 
**  month  with  glands. 

anus  and  lower  rectmn. 
"  auditory  canaL 

OentrtU  nervous  syatem.  L  e.,  brain  and 
cranial  nerves,  spinal  cord,  and  spinsl 


nerves. 


Sentary 
apparatm. 


PrimiHve 
aeffmenU. 


Somatic 
MeaotheUum. 


{ 


Retina,  cr3r8t.  lens,  tsste 
buds,  auditory  nerres, 
olfactory  nerves,  Uctile 
bodies. 

Voluntary  muscular  sys- 
tem. 

Somatic  pleura  and 
'*         peritoneum. 
Epithelium  of  genito- 
urinary tract. 


^'^^otheHum    (  spianchnic  peritoneum. 


Mettndtyme. 


CoNNBcnvB  Tissuis: 
Bone<cartilage,    liga- 
ment, dentine.  areo> 
lar  tissue,  tendon. 
imvoldntaby  mcsco- 
lar  system. 
Vascular  exdothb- 

LIUM,     blood.    AMD 
8PLEBM. 


NOTOCHORD. 


Epithelium  of  digestive  tract  (exclusive  of 
mouth  and  anus).    Inclusive  of  liver, 
pancreas. 
Epithelium  of  respiratory  tracL 

"  urinary  bladder  and  urdkra. 

"  Eustacian  tube  and   tym- 

panum, 
tonsils. 
*•  thymus  body. 

"  thyroid  body. 


6.  THE  FETUS:    ORGANOGENESIS. 


The  temis  fetus  and  embryo  are  used  synonymously  by  some 
authors,  while  by  others  they  are  given  different  significations, 
(jrould  defines  fetus  as  **the  embryo  in  later  stages  of  development," 
but  uses  embryo  and  fetus  synonymously.  The  author,  folloTisHng 
in  a  general  way  the  Avierican  Text-book  of  Obstetrics ^  will  use  the 
terms  in  the  following  sense:  the  embryo  is  the  young  in  its  early 
stages  of  development  when  tissues  are  being  developed;  the  fetus  is 
the  young  at  a  later  stage  of  development  when  organs,  especially 
systems  of  organs^  are  being  given  their  finishing  touches — i.e.,  the 
tenu  embryo  covers  the  period  of  histogenesis,  and  the  term  fetus 
covers  the  period  of  organogenesis. 

I7nder  the  caption  fetus  we  shall  briefly  discuss  the  development 
of  the  various  systems  of  organs. 
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a.  The  Oirculator;  System. 

I.  General  Oonsiderations. — (a)  The  Simi-lkst  Heart  among 
the  vertebrates  is  a  rhythmically  contracting  tube:  the  heart  of 
the  hi^est  vertebrate  is  at  first  a  rhythmically  contracting  tube. 

(;9)  Intermediate  Classes  of  Vertebrates  liave  two-  and  tkree- 
chambered  hearts,  and  the  highest  classes  have  the  fouiM;hambered 


Dlagmm  of  Ihe  feul  dtculatlon. 


heart:  the  heart  of  the  highest  vertebrate  passes  from  the  original 
tubular  condition  through  the  two-  and  three-chamlHTcd  condition 
during  fetal  development  and  finally  after  birth  assumes  the  function- 
ally four-chambered  heart. 
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(y)  The  One-  and  Two-chambered  Condition  of  the  Heart 
makes  it  necessary  for  the  heart  contractions  to  propel  the  blood  in 
one  circuit  through  a  double  system  of  capillaries:  (i)  the  capil- 
laries of  the  respiratory  system,  and  (ii)  the  capillaries  of  the 
general  circulation.  The  circulatory  system  of  the  highest  vertebrates 
passes  through  this  condition  and  reaches,  in  extrauterine  life,  a 
condition  in  which  one-half  of  the  heart  propels  the  blood  through 
the  respiratory  system  while  the  other  half  propels  it  through  the 
general  system. 


CHAjroB  Dumnro  ywuojk 

OOVDinOV  .AT  BVD  09  rBBHA. 

L 

SCialcht  anaenlar  tabn. 

I 

n. 

CUKTS  of  Ha^ri-tobe,  thwfh  ianf  ana 
in  langtli  of  Haart  and  nolperaaaa  in 
kngth  of  parloavdiaiii. 

Heart  in  ft«haped  enrv«,  vllliiweH 
nnliiilnn  iliiiaal  iMliinantiUMM 
end  in  right  vential  fcglan. 

VL 

in. 

Dn^TATioir  laterally  of  Tanoaa  and 

andgenaral 
Dn-ATATioir  of  eentral  or  v«otraen]ar 

aacmeot  and 
DnuTATioir  of  Baltma  Artarloana. 

Heart  of  TwoChaBbein.ena4aM^ 
lobedr  afngte-^aaaher  Mikie  «». 

trldeTentnUy 

m. 

IV. 

DnrisiOH  of  whole  Heart : 
Ut  Anride  into  left  and  rl^t.          i 
9d.  Ventrieie  into  left  and  i&t. 
Sd.  Balbos    Arterioaoa    into    Aorta 
and  Palmonary  Artery. 

Heart  of  Foub  CbaaabenL   Lill  1»> 
riele,  Lift  VMitriele  aad  Aerta«i»> 
tinnooa  and  Unht  AniieK  ^1^ 
Ventricle  and  rStan.  AiTeeAn- 
ova. 

IV. 

Fio.  318 


m 

Deyelopment  of  tbc  heart.     The  four  principal  stages  are  showa  at  /  to  /K;  a  and  h  are  two 

phases  of  the  same  stage.    (Uertwig.) 


{o)  I\  THK  I/OWER  Vertebrates  the  blood  passes  from  the  heart 
directly  into  a  system  of  branchial  arches  or  gill-arches;  the  highest 
vertebrate  possesses  this  system  of  gall-arc*hes  during  the  early  part 
of  its  development.  These  arches  are  gradually  re<luce<l  during  the 
thrive-  and  four-cliamlx*red  stages.  Our  aortic  and  pulmonar} 
arches  n*prt\sent  the  last  two  pairs  of  arches. 

(c)  In  the  Ami*  hi  hi  a  and  Reptiles,  classes  of  vertebrates  which 
possess  thR*c-chainlH»R*d  hearts,  tlie  purer  blooil  passes  to  the 
anterior  part  of  the  Innly,  while  the  less  pure  blood  parses  to  the 
j)ostcrior  part  of  the  IkxIv.  In  the  human  fetus  the  functionally 
thn^CH'hainlK^red  heart  distributes  the  blood  in  a  similar  wav.    ITiis 
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ptobaljly  accounts,  in  part,  for  ilie  liirgp  hpiiil  and  small  legs  of  the 
fetus  (Fig,  :{171. 

2.  Special  Metamorphosis  of  the  Heart.— Ouringlhcseconildiiy 
of  the  shirk's  (ievelopnient  the  heart  is  practically  «  straight  tul>c 
formed  by  the  fusion,  along  the  median  line,  of  a  double,  tubular 
heart  fundament,  continuous  posteriorly  with  the  two  oniphalo- 
mesaraic  veins  and  anteriorly  with  the  bifureated  aorta.  The  cndi>- 
thelial  partition  of  the  heart  soon  disappears,  leading  a  single  tulx.' 
with  Horaewhat  thickened  muscular  walls.  'l"he  dorsal  aortic,  in  the 
mean  time,  pass   laterally  around   the  alimentary  canal   and   fuse 


Plo.  »«.— B«*Tt  or  the 
b.  inMrlor  Tent  e>i>:  c, 

I  (,  <Milt|r  nf  Ibe  liRhl  veiitriEle;  /,  F.unUki 

d  Ibc  rig  hi 


v\ie.    The  bougie,  pluon)  In  Hie 

EiulachlU  TilTC.  Jul  below  the  point  /. 

lo.  Ihroueh  llifl  Ibmnieu  onJc  to  Ihe  left  liilc  oi  Ihe  btart. 


llwlton.) 

Flo.  san—tlcan  at  mranl.  sliovtlng  dtmppumniw  i>r  tbe  artltlclal 
2,  pulmuiMiy  tMety;  i,  *,  pulnHHuiry  bmnchei;   i,  duoiui  artcrio 


ventrally,  forininj;  the  sin(j;le  uiirtic  trunk  which  joins  the  anterior 
end  of  the  heart,  or  Imlbus  artcriosii.t.  .\s  soon  as  the  jtosterior 
x-cnous  junctions  and  the  anterior  arterial  junction  Invs  Ix-cn  effected 
the  alreaiiy  slowly  and  irregularly  U'aling  heart  licgins  to  semi  the 
elements  of  the  blood  through  the  .system  of  tubes,  the  direction  of 
the  stream  l>eing  at  first  detennincti  not  by  valves,  but  by  virtue  of 
a  posteroanterior  peristalsis. 

During  the  subsec|uent  tew  hours  the  pulsations  become  regular 
and  rapid,  iiimI  the  development  of  valves  accompanies  the  gmdmd 
metamorphosis  of  the  heart.  The  metamorphosis  of  the  heart  may 
be  considered  in  four  principal  changi^s  (l''i(^-  31li,  319,  and  WX). 
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b.  The  Respiratory  Syitem. 

1.  General  Consideratioiu.— (a)  The  Simplest  Vertebiute 
respiratory  system  is  composed  of  a  series  of  gilWrches:  Tht 
highest  vertebrile  Aas  gill-arckes  in  early  embryonic  life. 

((i)  In  the  Highest  Fishes  there  is  a  combination  of  ^lls  ind 
swim -bladder,  which  is  a  saccate  evagination  or  outgrowth  of  tbe 
alimentary  tract:  In  amphibia  the  ^lls  are  usually  seconrlu;  in 
importance  to  the  saccate  lungs,  which  are  homologous  to  tbe 
3wim-bla<1der:  In  the  highest  vert^aie  the  gills  are  rudimenttry 
structures  confined  to  embr\'onic  life,  and  never  functional  wbilt 
the  function  of  respiration  is  performed  during  the  whole  period 
of  extrauterine  life  by  the  lungs. 

2.  SpedaL  The  Development  of  the  Longs.— At  the  b^nnii^ 
of  the  third  day  in  the  chick,  on  the  tenth  day  in  the  rablnt,  aod  in 


Early  dsvelopment  of  the 
right  lobes;  ti', ''.  upper  and 
Hertwtg,  Blier  Btn.) 

the  human  embryo  when  it  reaches  a  length  of  about  4  min.,  there 
arises  on  the  ventral  side  of  the  oesophagus  a  groove  which  is  slightly 
enlaigcd  at  its  anterior  end.  Soon  the  groove-like  evaluation 
becomes  separated  from  the  alimentary  tube  by  two  lateral  ridges; 
this  is  the  first  indication  of  a  differentiation  into  oesophagus  and 
trachea.  There  then  grow  out  from  the  enlarged  posterior  ends  of 
the  groove  two  small  sacs  toward  the  two  sides  of  the  IxmIv— the 
fundaments  of  the  right  and  left  lung. 

These  hmg  sacs  -are  enveloped  in  a  thick  layer  of  iiiesenchjinic 
comie<'ti\c  tissue  which  is  covered  externally  by  the  thin  splanchnic 
mesot helium — the  future  limg-pleura.  Two  stages  are  recognizable 
in  the  metamorphosis  of  the  primitive  lung  sacs  of  man  and  of 
niammalii. 
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(i)  The  first  bvd4ike  outgrowths  on  the  tvx)  sides  of  the  body  are 
not  sym/metric  because  the  left  lung  sac  'produces  tioo  and  the  right 
lung  sac  produces  three  bud4ike  enlargements  (Hertwig).  These  buds 
are  the  fundaments  of  the  lobes  of  the  lungs.  From  this  point  on 
the  division  is  dichotomous.  Continuous  division  and  evagination 
proceed  during  six  months  in  the  human  embryo.  During  this 
period  the  terminal  branches  are  simply  saccate  or  vesicular,  and 
are  called  primitive  lung  vesicles  (Fig.  321,  B). 

(ii)  During  the  last  three  months  of  intrauterine  life  "there  arise 
close  together  on  the  fine  terminal  of  the  bronchial  tree — on  the 
alveolar  passages  and  on  their  terminal  vesicular  enlargements — 
very  numerous  small  evaginations — ^the  pulmonary  alveoli"  (KoUiker). 
These  are  only  one-tliird  to  one-fourth  as  large  in  the  fetus  as  in  the 
adult,  and  the  extrauterine  growth  of  the  lung  is  to  l)e  attributed  to 
their  expansion  rather  than  to  their  multiplication. 


Fio.  322 


c.  The  Digestive  System. 

1.  General. — (a)  In  All  Vertebrates  the  stomach  is  produced 
by  a  simple  dilatation  of  the  alimentary  canal,  just  behind  the  heart 
in  the  lower  vertebrates  and  just 
posterior  to  the  diaphragm  in  mL- 
malia  (Fig.  322). 

(/9)  In  All  Vertebrates  two 
glands  are  evaginated  from  the  duo- 
denum—the liver  is  evaginated  into 
the  ventral  mesentery  and  pancreas 
into  the  dorsal. 

2.  Special  Development  of  Di- 
gestive Glands. — (a)  I'he  Liver 
early  becomes  bilobed — ^later  these 
two  primitive  lobes  are  variously 
subdivided  in  different  classes  of 
vertebrates  —  and  the  evaginations 
take  the  form  of  thick-walled  tubes 
or  '*  hepatic  cylinders"  which  unite 
into  a  network.  The  small  lumina 
of  the  cylinders  become  the  bile- 
ducts,  which  are  surrounded  by  the  secreting  parenchyma  of  the 
liver.  This  latter,  as  well  as  the  epithelial  lining  of  all  gall-<lucts, 
is  of  hypoblastic  origin,  while  the  connective-tissue  framework  and 
the  vascular  system  of  the  liver  are  from  the  mesenchyme,  the 
organ  being  encapsuled  with  splanchnic  peritoneum. 

(/?)  The  Pancreas  follows  a  general  course  of  development  (|uite 
parallel  to  that  of  the  liver. 


a  b. 

Deyelopment  of  the  alimentary  canal: 
oe,  cBBophagiu;  St,  stomach;  8,  small  intes- 
tine; L,  lai^e  intestine;  y,  yolk  duct;  D, 
doodennm;  J,  Jejunum;  /,  ileum;  AC,  TC, 
DC,  ascending,  transverse,  and  descend- 
ing colon;  R,  rectum;  A,  anus. 
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d.  The  Urogenital  System. 

For  general  considerations  see  above  under  "Oripn  of  the  Urinaiy 
System." 

Via.  S2S  FlO.  SM 


IXagT&m  to  tituBlrele  ibe  development  or  tbe 
seiiial  organs  of  ■  mammaL  ftvm  Ihe  indlffbrei 
menlorthe  urogenLlal  syelem.  The  penlBIcnt  parts  of 
the  original  fundameiii  are  indicated  by  contlnuoui 
lines,  Ihe  parts  vrhlch  undergo  degeneration  by  dotted 
lines.  Dotted  llnea  are  also  employed  to  show  tbe  poal- 
tton  which  the  male  leinal  organa  l»l>e  after  the  com- 
pletion ol  the  descensus  testlculamm,  n,  kidney:  A, 
t«stta;  nA,  epididymis^  pa,  paradidymis;  hy,  hydatid  of 
tlie  epididymis;  (f,  Tan  deferens;  ma.  degenerated  Hltl- 
lerlan  duct;  um.  uterus  mascullnus,  remnant  of  the 
Mtlllerian ducts;  g^ gubernaculuni  Huiiterl;  V,uieter: 
W,  Its  opening  Intii  the  bladder;  M,  veslculip  Bcminsles; 
AW,  urinary  bladder;  hW,  Its  upper  lip,  which  la  con- 
tinuous wllb  tbe  Itgamentuni  veslcoumbi Ileal e  medium 
luischuB):  At,  urethra;  pr,  prostata;  iji^,  eiteraal  orifice 
of  the  ductus  ejaculaloril.  The  letters  nA',  A',  <(',  Indi- 
cate the  poBlllon  of  the  teiual  organs  after  the  descent 
baa  taken  place.    (Hertuli;.) 


Diagram  of  the  iDdlfltrenI  f 
ta]  system  of  a  manuna]  at  an  early  ita^,  a,  UAi 
tcl,seinal  gland;  tin,  prl ml tive  kidney;  aj.  nmiaqil 
doct;  mp,  HUllerlan  dnet;  mg;  Its  anlnkv  cod; 
gubernacolum  Hunterl  (meaonepl'ria  iDgniDal  1 
ment):  AI,  ureter;  W,  Its  opening:  Into  tbe  ortnarjl" 
der;  utf\  mff,  apenlugs  of  the  meaonepbric  and  I 
lerlan  ducli  Into  the  slnoa  uro^nilaUs  (nf);  ■<, 
turn;  d,  cloaca;  ghe,  sexual  eminence;  gu,  mi 
ridges;  ct.  rxtemal  oriflce  of  tbe  eloacs:  AU.  nili 
bladder;  AW,  Its  elongation  Into  the  Draclina(Ibefai 
lig.  TeslcDnmblllcale}.   (Hennlg.) 


] .  The  Indifferent  Stage.— Tliis  stage  is  characterized  hy  all  the 
organs  lieing  contained  in  two  longitudinal  urogenital  ridges,  one 
on  each  side  of  the  IhwIv  and  projecting  from  the  dorsal  wall  into 
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the  peritoneal  cavity.  At  the  caudal  end  of  the  abdomen  the  two 
ridges  draw  closer  together  and  finally  come  into  contact  with  the 
anal  region  of  the  alimentary  canal.  The  substance  of  the  ridge 
comprises  the  Wolffian  body  of  mesonephros  and  the  genital  epithe- 
lium. The  ducts  are  two  in  number  and  are  supposed  to  be  the 
result  of  longitudinal  division  of  the  original  pronephric  duct.  The 
inner  one  of  the  two  resulting  ducts  is  the  mesonephric  or  Wolffian 
duct,  and  during  the  period  when  the  mesonephros  functions  as  a 


Diagram  to  illustrate  the  development  of  the  female  seztial  organs  of  a  mammal  fh>m  the  Indif- 
ferent ftmdament  of  the  urogenital  system.  The  persistent  parts  of  the  original  Amdament  are 
Indicated  by  continuous  lines,  the  parts  which  undergo  degeneration  by  dotted  lines.  Dotted 
lines  are  also  employed  to  show  the  position  which  the  female  sexual  organs  take  after  the  com- 
pletion of  the  descensus,  n,  kidney;  el,  ovary;  cp.  epoUphoron;  pa,  paroophoron;  Ay,  hydatid; 
(,  Fallopian  tube  (oviduct);  «y,  mesonephric  duct;  ut,  uterus;  srA,  vagina;  H  ureter;  AM,  urinary 
bladder;  hbtf  its  upper  tip,  which  is  continuous  with  the  llgamentum  vesicoumbilicale  medium 
(urachus);  kr,  urethra;  w,  vestibulum  vagina;  rm,  round  ligament  (inguinal  ligament  of  the 
primitive  kidney);  W,  llgamentum  ovarii.  The  letters  f,  ep*,  eV,  l&  indicate  the  positions  of  the 
organs  after  the  descent    (Figure  and  description  from  Hertwig.) 

urine-excreting  organ  conducts  the  urine  to  the  cloaca;  this  condition 
is  permanent  in  fishes  and  amphibians.  The  outer  one  of  the  result- 
ing ducts  is  the  Miillerian  duct.  Now,  in  the  male  ike  Wolffian  duct 
Ivecomes  the  genital  duct,  while  in  the  female  the  Miillerian  duct 
becomes  the  genital  duct. 

2.  The  Differentiated  Stage. — (a)  Changes  Common  to  Both 
SKXtis  are:  (i)  The  union  of  the  caudal  ends  of  the  urogenital 
ridges  to  form  a  single  median  urogknital  cord,  (h)  '^Fhe  ducts 
of  the  urogenital  cord  open  into  a  cloaca  with  the  rectum,     (ni)  The 


^ 
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cloaca  gradually  divides  into  the  urogenital  sinus  and  the  anus, 
(iv)  The  allantois  also  opens  into  the  cloaca  and  in  extrauterine  life 
the  dilated  remnant  of  the  allantois  becomes  the  urinary  bladder,  (v) 
From  the  lower  end  of  the  mesonephric  or  Wolffian  duct  there  evaginaies 
the  metanephric  duct  or  ureter.  This  grows  into  that  part  of  the 
urogenital  ridge  which  lies  just  posterior  to  the  WolflSau  body  or 
mesonephros.  The  mass  of  the  urogenital  ridge  now  lying  about 
the  dilated  and  divided  ureter  is  the  fundament  of  the  metanephros 
or  permanent  kidney.  While  the  fundament  with  the  ureter  gradually 
advances  anteriorly,  the  end  of  the  ureter  differentiates  into  the  pelvis, 
calyces,  and  the  collecting  tubules  of  the  pyramidal  portion,  and  the 
cortical  fundament  gradually  develops  the  Malpighian  corpuscles  and 
the  convoluted  tubules,  (vi)  The  genital  epithelium  in  the  region  of 
the  mesonephros  develops  into  the  genital  gland,  while  the  WolflBan 
body — ^mesonephros — ^lapses  into  functional  or  rudimentary  append- 
ages of  that  gland. 

O?)  Sexual  Differentiation.    (Hertwig.)     (See  Figs.  323-325.) 


Male  Sexual  Pabtb. 


Testis. 

Semtnal  ampollee  and  tube. 

a.  Epididymis. 

b.  ParadidymiB. 

Vas  Deferrns  and 
Seminal  Vesicles. 

Hydatid  of  epididymis. 
Sinus  prostaticus  (uter.  masc.) 

Kidney. 

Ureter. 

Oubemaculum  Hunteri. 

Urethra,  membranous  and 
Prostatic  part. 


IMDIFFBBBNT :  COMMON  FORM 
FBOM  WHICH  BOTH  ABI8B. 


Gbbmical  EPITBEUDM. 


Female  Sexual  Pajtib. 


Mehonephrob  or 
Wolffian  body. 


Mesonepheric  duct. 

MOllerian  duct. 

Metanephros. 
Metanephric  duct. 
Inguinal  ligt.  of  Mewneph. 
Sinus  urogenitalis. 


Ovary. 

(Ovarian  follicles.) 

a.  EpoOphoron. 
6.  Parodphoron  (Parovarian 
or  organ  of  Rosemiiller). 


Uterus  and  vagina. 
Oviduct  and  fimbria. 

Kidney. 

Ureter. 

Round  ligament. 

Vestibulum  vaginse. 


c.  The  Central  Nervous  System. 

1.  General  Considerations.— (a)  In  all  vertebrates  the  central 
nervous  system  is  developed  out  of  the  thickened  region  of  the 
outer  germ  layer  which  is  designated  as  the  medullary  'plate.  The 
meduUary  plate  is  folded  together  to  form  the  neural  tube. 

{ii)  Is  THE  LOWEST  VERTEBRATES  the  Hcural  tubc  Is  HOt  differen- 
tiated into  brain  and  spinal  cord.  In  the  higher  vertebrates  there  is 
at  first  no  differentiation  between  brain  and  spinal  cord. 

(y)  Ix  FISHES  the  brain  consists  of  five  lobes  not  very  unlike  in 
size.  An  early  step  in  the  development  of  the  brain  of  higher  verte- 
brates is  the  formation  of  five  lobes  or  vesicles. 
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(3)  The  ascending  scale  of  vertebrates  is  marked  by  an  increasing 
preponderance  of  the  c&rebnim  over  the  other  aegmenU  of  the  brain. 
TiSE  HIGHEST  VERTEBRATE  in  its  embryonic  development  shows  an 
ever-increasing  preponderance  of  the  cerebrum  over  other  parts. 

2.  Special.  Derelopment  and  Metamorphoses  of  the  Hnman 
Brain. — (a)  The  part  of  the  neural  tube  which  fonas  the  brain 
becomes  segmented  into  the  three  Primary  Brain  Vesicles  men- 
tioned above. 

(,S)  The  lateral  walls  of  the  forebrain  vesicles  are  eva^nated  to 
form  the  Optic  Veaicleg,  and  the  anterior  wall  to  form  the  gecondary 
Forebrain  Veside,  Cerebrum,  or  Prosencephalon. 
Fio.a26  ^^j  r^h-e  hindbrain  vesicle  is  divided  by  con- 

striction  into  the  vesicle  of   the   Cerebellum — 
,  Metencepbalon — and  the  Medull.^ — ^Myelenceph- 
alon. 

{S)  Thus,  from  the  three  primary  brain  vesicles 
there  arise  five  Secondart  Vesicles  arranged  in 
a  single  series,  one  after  the  other  in  a  straight 
line  (Fig.  326). 

(i)  Cerebruvi, — prosencephalon. 


Pia.  sa8.— PrimlUve  bnln  and  aplDsl  oonl  of  man  :  1,  2. 1,  Ibe  three  prlmarr  bniln  nriclai 
(fonbrklD,  mldbntln,  and  blndbnln).  /.,  imaenccpbalon;  Of.r..  optlp  vcdcle;  //.,  lb»laiiMn- 
ospbakm;    UJ.,   nmenoephalon:   OLp,  aunl  plU;  lY.,  mMeninphiloD;    v.,  mjeleDcephalon. 

(AHer  BMkel.) 

Fia.  827.~a  ■onwwbat  laUr  Rage  of  tbe  human  brala:  Cbm..  cenbrnm  (proaaiicepbaloii); 
JV-,  Ibfubdlbulaini  Til..  Interbnln  (Lhalamencephalon);  Vt..  midbrain  (moBncapbalon):  (M,. 
oerebeltnm  (metenoepbaloa);  ar. ,  area  rbomboldalii^  M.O..  medulla  oblongalatojelenaeiAakiQ); 
a.  fa.,  nacbal  Oezure.    (Alter  Hit.) 

(II)  Interbrain — thalamencephalon — with  the  laterally  attached 
optic  vesicles. 

(III)  Midbrain — mesencephalon. 
(iv)  Cerebellum — metencephalon. 

(v)  Medulla  oblongaia — myelencephalon. 

(()  The  originally  straight  axis  uniting  the  brain  vesicle.s  to  one 
another  later  becomes,  at  certain  place.s,  sharply  l»ent;  (i)  'ITie 
Nuchal  Flexure  is  a  ventral  Itending  of  the  medulla,  forming  the 
nuch(U  proluberance  doraally.     (ii)  lliu  Ponttd  Flexure  is  a  dorsal 
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bending  in  the  region  of  the  [jons  Varolii,  (iii)  The  Cephalic  FUxurt 
is  a  marked  and  peraiatent  ventral  bending  of  the  midbrain,  resulting 
in  the  cephalic  prolvherance.  The  nuch^  and  the  cephalic  protuber- 
ances are  obscured  by  subsequent  development  (Fig,  328). 


(C)  In  the  metamorphosis  of  the  vesicles  the  following  processes 
take  place:  (i)  certain  regions  of  the  walls  become  thickened,  other 
regions  become  thinner  and  do  not  develop  nervous  substance  (roof 
membranes  of  third  and  fourth  ventricles);  (ii)  the  walls  of  the 
vesicles  may  be  evaginated  or  invaginated;  (in)  some  of  the  ve^cles 


lieml!ipber»i.  tnanlle  or  proseticeiihaloD:  3  with  //,  iV,  and  Pii,  thalunenwpbi- 
ain:   M.b.  til.  nildhnin  or  maencepbalon;   a>.  PV.  taeieaoe\itt%kio;    i.  fOurtb 

',  niediilln.    (Uuiley,) 


greatlv  exceed  In  their  growth  the  remaining  ones  (cerebrum,  eere- 
Ix'Uuni)  (Fig.  ;J2.S). 

'I'he  four  \'entri<-lcs  of  the  brain  and  the  aqueduct  of  SyU-ius  are 
derived  fn)ni  the  cavities  of  the  vesicles. 

Of  tiie  five  vesicles  the  midbrain  undergoes  the  least  lueta- 
morphosis. 
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The  cerebral  vesicle  is  divided  by  the  development  of  the  longi- 
ivdinal  fissure  and  the  jalx  cerebri  into  lateral  halves,  the  cerebral 
hemispheres. 

In  man  the  cerebral  hemispheres  finally  exceed  in  volume  all  the 
remaining  parts  of  the  brain  and  grow  out  in  every  direction,  forming 
a  "cerebral  mantle"  over  the  other  segments  of  the  brain. 


Thb  Dbvelopmbnt  of  thb  Bilain  (Hbrtwio).    (See  Fig. 

(f)  floor:  (r)  roof;  (w)  Walls. 


329.) 


The 

develop- 

mentof 

the  bi&ln 


Primary 

IbrebralD 

vesicle 


Midbrain 
▼eiicle 


Primary 

Hlndbrain 

vesicle 


I. 
Forebrain 
Cbrbbrum 
ProseDoepbalon 


II. 

INTBRBRAIN 

Optic  tbalamus 
Tnalamencepba- 
lon 


III. 

MiDBBAIN 

Corpora  quadri- 

gemlna 
Mesencephalon 


IV. 
Hlndbrain 
Cbbbbbllum 
Metenoepbalon 

V. 
Afterbraln 
Mbdulla  obl. 
Myelencepbalon 


itory  lobes  (f) 
>raic 


Oliketoi 

CerebiaT  cortex  (r  and  w) 
Ant.  pert  lamina  (f) 
Corpus  striatum  (f) 
Corpus  oallosum  (r  and  w) 


I 
i 


Optic  chiasm  (f ) 
Roof-memb.  of  third  vent,  (r) 
Optic  tbalami  (w) 
Tuber  cinereum  with  infun> 

dlbulum  (f) 
Corpora  albicantia  (0 
Pineal  gland  (r) 

Post.  perf.  lamina  (f) 
Peduncles  of  cerebrum  it) 
Corpora  quadrlgemina  (r) 
Laqueus (w) 


Pons  VarolU  (f) 
Cerebellar  cortex  (r  and  w) 
Crura  cerebelli  ad  pontem  (w) 


Medulla  oblongata  (f) 
Roof-memb.  oi  4th  ventricle  (r) 
Peduncles  of  cerebellum  (w) 


Cavity. 

Lateral 

ventricles 

(Ist  and  2d). 


Third 
ventricle. 


The 

aqueduct  ot 

Sylvius. 


Fourth 
ventricle. 


Fourth 
ventricle. 


7.  THE  FETAL  XMVEL0PX8. 


a.  The  Fetal  Membranes. 

The  term  fetal  membranes  may  be  used  for  that  portion  of  the 
fetal  envelopes  developed  from  the  ovum.  A  part  of  the  fetal 
envelopes  is  produced  bv  the  maternal  organism.  If  one  refers  to 
Pig.  311,  o/,  he  will  find  a  crescentic  dark  field  which  represents  a 
transverse  ridge  of  epiblast  anterior  to  the  embryo  near  the  anterior 
margin  of  the  blastoderm.  As  soon  as  the  mesoblast  is  formed,  and 
divided  into  somatopleure  and  splanchnopleure,  the  former  takes 
part  in  the  formation  of  this  fold,  while  the  latter  with  the  h}'poblast 
remains  in  close  contact  with  the  yolk.  By  the  time  that  the  primitive 
.segments  begin  to  appear  the  amniotic  fold  has  taken  on  a  horseshoe 
shape  enclosing  the  head  end  of  the  embryo  and  sending  two  ridges 
toward  the  caudal  end  of  the  embryo.  A  cross-section  of  the  embryo 
at  this  stage  will  appear  something  like  Fig.  330.  The  twe  lateral 
folds  approach  each  other  over  the  median  dorsal  line  of  the  embryo 
and  meet  and  fuse  from  before  back  want,  thus  forming  a  double 
sac,  an  inner  true  Amnion,  composed  of  epiblast  internally  and 
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mesothelium  externally;  and  an  outer  false  amnion  or  Chorion, 
composed  of  epiblast  externally  and  mesothelium  internally.  (See 
Fig.  331.)  The  chorion  presents  villi  over  a  considerable  portion  of 
the  surface  of  the  ovum.  At  first  these  villi  are  practically  equal  in 
development,  but  after  the  allantois  becomes  developed  the  villi  iu 
the  region  of  that  organ  are  rapidly  increased  in  size,  while  those 
in  other  regions  become  obliterated.  These  facts  are  represented 
in  Fig.  332. 

The  Allantois  is  an  evagination  from  the  ventral  side  of  the  primi- 
tive hind  gut  and  is  composed  of  hypoblast  internally  and  mesothelium 
externally.  Wliile  the  yolk  sack  {d»)  decreases  in  size  the  allantois 
(o/.  Fig.  332)  increases;  finally  reaching  the  chorion,  where  it  forms 
the  fetal  portion  of  the  placenta.     The  allantois  is  accompanied  by 


lltie<l  wltb  e|]ll>'»sl.  0 


e  lU&I  membnnv:  q^,  uddIoUc  fold;  i, 
I,  pleurDperiUmeal  cavltf.  Nole  tliat  tbe  amniotic  n 
>ilon  Is  lined  with  aomatopleure.  tbe  eplblut  being  ei 


two  umbilical  arteries  and  an  umbilical  vein.    These  send  branches 
into  the  chorionic  villi  of  the  placenta. 

The  UMBir.iCAL  Cord  is  composed  of  the  arteries  and  vein,  the 
shriveled  yolk  stalk,  the  allantoic  stalk,  a  gelatinous  embryonic  con- 
nective tissue,  and,  in  early  stages,  the  whole  enclosed  in  amnion.  A 
careful  study  of  Figs.  331  and  332  will  reveal  the  relations  of  these 
structiin;s  much  more  clearly  than  a  description  could  do, 

h.  Maternal  Portion  of  Envelopes:  Decidase  and  Placenta. 

The  mateniHl  organi.ini  plays  an  important  part  in  the  formation 
of  tlic  fetal  cinx-lopes.  Figs.  3li3,  334  and  335  show  the  formation 
of  tlie  decidua-.  Fig.  336  shows  the  three  portions  of  the  deciduR-: 
(I)  Decklua  vera  lining  the  body  of  the  uterus;  (ii)  Decidua  refiexa. 
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Diagrammatic  figures,  illustraUog  the  developmeiit  of  the  mammalian  embryo  and  the  fetal 
membranes:  1,  the  blastodermic  yeslcle  invested  in  the  lona  pellndda,  and  showing  at  its 
upper  pole  the  embryonic  area;  2,  shows  the  pinching  off  of  the  embryo  ttom  the  yolk  sac  and 
the  formation  of  the  amnion;  3,  ftirther  development  of  amnion  and  commencement  of  allan- 
tois;  4,  completion  of  amnion  and  growth  of  allantois.  The  false  amnion,  or  snbgonal  mem- 
brane, gives  off  villous  process.  5,  the  allantois  has  grown  all  around  the  vesicle,  and  gives  off 
proceaMs  into  the  villi  which  are  much  larger  than  before.  The  yolk  sac  is  greatly  reduced  in 
sise.  a,  epiblast  of  embryo;  a',  eplblast  of  non-embryonic  part  of  blastodermic  vesicle;  a/,  allan- 
tois; am^  amnion;  ch,  chorion;  eh  2,  chorionic  villi;  d,  zona  pellucida;  d',  processes  of  aona; 
dd,  embryonic  hypoblast;  df,  area  vasculosa;  dg,  yolkstalk;  d^,  yolk  sac;  «,  embryo;  hh,  peri- 
cardial cavity;  U  non-embryonic  hypoblast;  kh,  cavity  of  blastodermic  vesicle;  k$,  head  fold  of 
amnion;  m,  embryonic  mesoblast;  n,  non-embryonic  mesoblast;  r,  space  between  true  and  false 
amnion;  sA,  false  amnion,  orsubgonal  membmnes;  m,  veil  fold  of  amnion;  tt,  sinus  termlnalls; 
tU  iffoceHes  of  n>na  pellucida;  W,  ventral  body  wall  of  embryo.    (Ktflliker.) 


766  SPECIAL  PHYSIOLOGY 

reflected  over  the  egg;  (in)  Decidua  serotina,  where  the  chorionic 
vilH  are  developed.     The  relation  of  the  maternal  to  the  fetal  mem- 


Fia.  ^33.— Impragnkted  ulerui.  wllh  fotdi  of  deddua  gnudng  up  i 
opeotng.  where  Iha  (bids  *ppr<iKcfa  each  ntber,  !■  Ken  over  the  meat 
egg.    <Da]taa.) 

Fio.  8S1.— Pregnant  ulcnu.  ibowlng  tbe  fbnnatlon  o[  Ibe  plKomtB  bj 

the  decidua  and  theoboilon,    (Dalloa.) 


.e  local  deTek)|m]ent  of 


braiies  is  shown  in  Fig.  335.    Fig.  336  shows  similar  structures  some- 
what less  diagrammatic. 


Thr  plamita  is  coinposfd  of  the  serotine  decidua  with  its  large 
venous  .si'iTisi-s  thntn^li  which  the  maternal  blood  circulates;  of  the 
ckorion  anil  amnion  with  the  fetal  arteries  and  vein.     In  the  plai-enta 
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the  maternal  and  fetal  Iilood  come  into  relation.  There  are  three 
tissue  layers  between  the  fetal  and  maternal  blood.  The  epiblast 
and  raesotheliiim  of  the  villus  ami  the  endothelinm  of  the  capillaries. 
Through  these  fissure.s  tlie  fuetus  receives  nourishment  from  the 
maternal  organism. 

8.  THE  PBT8I0L0QY  Or  THE  XBIBBTO  AND  FITTTS. 

a.  Natrition. 

1.  Foods,  Digestion,  and  Absoiption.— The  origin  of  the  animal 
individual  from  an  o\-um  is  practically  universal  (protozoa  excepted, 
perhaps).     ITie  fertilized  ovum  consists  of  the  minute  segmentation 


Dltcnmmnllc  view  nf  ■  Tertlcal  inDBTene  ■pcUon  of  (tie  utenu  >t  the  wreiilh  or  clgbtb  week 
of  precniDCj:  t.e.e.  cavltj  of  metua,  whlcti  beeonMBtbe  cnXXj  of  lh>  deddiu, opening  ttt.t, 
the  oomiu,  Inln  (be  Fallopian  tobei.  *nd  at  <f  Into  Ibe  carlt;  of  the  ccrrii.  wblcb  [■  cloeed  bj  ■ 
plucofmuciu;  dr,  decldiw  ren;  dr.  deddiu  retleia,  with  tbe*iJ«ner  tIIII  embtdded  In  Itiiab- 
itence;  dt,  decldua  eerollna,  ln»olTlng  the  more  dereloijed  cbortooio  Tllll  of  Uw  roromandng 
plaeCDlk  The  fetui  !■  iieen  Ijlngla  the  amnloUciac;  jiaMlnf  upfnini  the  umhlllcai  iaMen  Uig 
umblUnI  cord  ami  IM  vesMla  p«i«liig  t«  Ibetr  dlHlilliutlon  In  the  TlUi  of  the  chortoo;  alto  the 
pedicle  of  (be  Tolk  «ck,  whieb  Ilea  In  the  csTlly  belween  ihe  amDlao  and  cboiion.    (Alleu 


nucleus  and  tlw  yolk  nias.s  which  re|)rc.tciit.s  the  first  installment  of 
maternal  rmurishment.  The  yolk  mass  is  relutivcly  large  in  hinls 
and  reptiles,  and  relatively  small  in  mammals. 
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*a}  BMi  maj  be  takm  as  mn  example  of  tiiose  animals  wbose 
embrros  aie  proTided  with  a  laige  yolk  mass.  The  ben's  egg  wcig^ 
50  gms.,  of  wbkrfa  5  gms.  is  shell  and  45  gms.  food.  Tlie  white 
veigjis  30  gms.  and  consists  of  prcrfcmv  (albomins  and  giobuliiis) 
3  gms.,  fais  0.3  gm.,  MtMs  0.1  gm.,  waier  26.6  gms.  The  tolk 
veig^  15  gms.  and  consists  of  prcrfcmv,  1.7  gms.,  fai  3  gms.,  tiidline, 
fmetrta,  gifcogem  0.2  gm.,  leciikiM  1  gm.,  mUis  0.1  gm.,  waier  9  gms. 
The  sakscontain  bone-making  material — pbo^diates  and  carbonates; 
also  bkwd  and  tissoe  constituents — cfaferides,  phos|diates,  and  car- 


The  chicken  from  a  oO-gm.  egg  veig^  35  gms.,  10  gms.  haTing 
been  lost  in  katabolian,  and  passed  through  the  pores  of  the  dieD 
as  CO;  and  H^O.  The  small  amount  of  nitrogenous  excrela  remains 
within  the  sheD,  generaDj  within  thedoaca  of  the  chick,  to  be  voided 
soon  after  it  leases  the  sheQ.  The  chicken  is  80  per  cent,  water 
1 2S  gms.  water  and  7  gms.  solids),  while  the  egg  b  79.1  per  cent,  water. 

*&i  WiMMili  present  a  more  complex  problem.  The  mammalian 
ovum  has  a  smaU  proportion  of  jnolk  and  is  retained  within  the  uterus 
of  the  mother  long  after  this  mei^ie  supply  is  eidiausted.  After  the 
Tolk  maais  is  ediausted  the  embrco  ^'takes  root"  in  the  mat»nal 
tissues  and  draws  plasma  and  oi^gen  from  the  mother.  The  mam- 
malian mother  furnishes  her  intrauterine  offspring  with  two  sources 
of  food — the  yolk  imcss  and  her  own  blood.  Besides  this  there  is  a 
special  provision  for  the  extrauteiine  period  when  the  voung  mamma 
i5  more  or  less  helpless,  vix.,  the  mUt  which  the  mother  secretes. 

«  The  Yolk  Masc^  probably  has  about  the  same  chemical  com- 
p€k<itioD  in  the  mammal  as  in  the  bird.  This  yolk  mass  must  be 
dioffied.  It  i>  surrounded  by  the  hypoblast  which  is  to  furnish  the 
epithelium  of  the  alimentary  tract.  TTiere  are  no  glands  to  secrete 
a  digestive  tiuid  at  the  period  when  the  volk  is  cousumed,  vet  the  volk 
can  he  ab>orbeii  only  after  solution.  The  hypoUasdc  cells  lining 
the  yolk  >ac  an-i  coplenteron  must  digest  and  absorb  the  yolk  mass. 
In  ihi-  connection  it  must  not  be  forgotten  that  the  white  of  the  bird's 
egg  i>  oiiisitie  of  the  epiblast  of  the  chorion  and  must  be  ahsorbcti 
by  the  cborior..  In  the  mammal  the  epiblast  of  the  chorion  is  the 
prini^pal  ahsorrxni:  surface. 

'  Thf  M  \terx\l  Bl« >>d  is  the  source  from  which  the  mamma- 
iia:i  tV:::<  dniws  siister.ance.  The  special  oigans  involved  in  this  pn>- 
tvss  have  i^^r.  menri»^r.e»i  above.  Maternal  red  corpuscles  do  not  pass 
ir.io  :ho  :>::>.  Ma:err-al  white  corpuscles  probably  do  pass  from 
niiiTtr.:;*!  :^  rVral  oirv-ilatiori.  It  is  easv  to  see  how  all  soluble  salts 
v^r.  :\a^ii*y  i^vsc^  tS-r.  n^atemal  to  fetal  plasma,  and  the  effect  of 
\^r!  v;s  :r:c>  ::>  ::  :ht  :e:\:>  when  given  to  the  mother  demonstrates 
:hci:  :hi  V  vi  ^  p-v<.>  :r  ni  one  ;o  the  other.  Just  how  plasma  proteins 
jwns  tT\>:n  ::.o  ::.  :ht:r  \o  ire  fetus  is  a  puzzle  still  unsolved.  Some 
ha\e  >;ii5>5:o:  iha:  ;ht    niatemal  plasma  proteins  are  peptonized. 
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diffuse  through  the  dividing  membranes,  and  are  changed  back  to 
protein;  others  think  the  white  corpuscles  carry  protein  from  mother 
to  young. 

Toward  the  end  of  intrauterine  life  the  mammalian  fetus  swallows 
a  portion  of  the  amniotic  fluid.  The  amount  of  amniotic  fluid  is 
very  small  at  first,  but  increases  progressively  with  the  period  of 
gestation.  This  fluid  diffuses  or  filters  into  the  amniotic  sac  from 
the  maternal  and,  perhaps,  fetal  lymph  spaces.  It  contains  water 
(an  important  constituent  of  embryonic  tissue)  and  various  salts 
with  small  portions  of  other  foodstuffs. 

2.  Girculation. — (a)  The  Circulation  of  the  Embryo  is  the 
vitelline  circulation  or  the  system  of  vessels  which  spread  over  the 
yolk,  beginning  with  the  area  vasculosa.  The  principal  arteries  are 
the  paired  vitelline  arteries  which  pass  out  on  either  side,  branching 
profusely  as  far  as  the  vena  terminalis.  From  the  vena  terminalis 
or  terminal  sinus  a  system  of  venules  and  veins  brings  the  blood 
back  to  the  venous  sinus,  from  which  it  passes  into  the  heart. 

0?)  The  Circulation  of  the  Fetus,  ''Fetal  Circulation,'*  a 
diagram  of  which  appears  on  page  753,  is  a  special  adaptation 
of  the  permanent  circulation.  The  permanent  circulation  sends  the 
blood  to  the  lungs  for  oxidation  of  the  haemoglobin,  but,  the  fetal 
lungs  not  being  functional,  there  is  a  means  provided  to  direct  the 
blood  stream  from  them.  This  necessitates  two  important  structures 
peculiar  to  the  fetus:  (i)  the  foramen  ovale,  through  interauricular 
septum;  (ii)  the  dudu^s  arteriosus,  from  the  pulmonary  artery  to  the 
arch  of  the  aorta.  Other  peculiarities  of  the  fetal  circulation  are: 
(hi)  the  hypogastric  arteries,  which  carry  impure  blood  from  the  iliac 
arteries  to  the  umbilical  arteries,  through  which  it  passes  to  the  placenta 
for  oxidation  of  the  haemoglobin;  (iv)  the  ductus  venosus,  from  the 
umbilical  vein  to  the  vena  cava,  which  provides  for  the  direct  passage 
of  a  large  portion  of  the  pure  blood  to  the  left  side  of  the  heart  through 
the  foramen  ovale.  The  four  structural  peculiarities  of  the  fetal 
circulation  lead  to  the  following  functional  peculiarities:  (i)  the 
circulation  of  venous  blood  in  the  hypogastric  and  umbilical  arteries; 
(n)  of  arterial  bloo<l  in  the  umbilical  vein  and  ductus  venosus;  (iii) 
of  arterial  blood  in  the  ascending  vena  cava,  mixed,  however,  with 
venous  blood  from  the  lower  extremities;  (iv)  of  the  mixed  blood 
(the  purest  which  enters  the  heart)  in  the  arteries  of  the  head  and 
anterior  extrt*mities;  (v)  of  the  least  pure  blood — further  mixed  with 
the  bkM)d  from  the  ductus  arteriosus — to  the  posterior  extremities 
and  the  pl^'enta. 

3.  Respiration. — In  binls  and  reptiles  the  respiration  takes  place 
readily  thn)Ugh  the  ponius  shell  and  shell  membrane,  the  vitelline 
arteries  bringing  the  impure  blood  fn)m  the  body  of  the  embryo  out 
upon  the  surface  of  the  yolk.  If  the  shell  be  varnished  the  chick 
will  smother. 

49 
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In  mammals  the  respiration  is  carried  on  through  the  placenta. 
The  blood  of  the  fetus  is  brought  into  relation  with  the  matenial 
blood.  The  oxygen  pressure  in  the  fetal  blood  is  much  lower  tban 
that  in  the  maternal  blood,  so  that  the  oxygen  passes  readily  from 
maternal  to  the  fetal  blood  through  the  dividing  membranes. 

4.  Metabolism  and  Ezeretioii. — In  the  parasitic  life  led  by  the 
embryo  and  fetus  the  anabolic  processes  are  greatly  in  excess  of  the 
katabolic  processes.  "Hie  food  is  presented  to  the  fetus  so  nearly 
ready  for  assimilation  that  almost  no  energy  is  consumed  in  prepa- 
ration of  the  food.  This  food  must  be  transported,  however,  and  thi^ 
transportation  by  the  circulatory  system  involves  the  liberation  ot 
kinetic  energy  of  mechanical  motion.  This  energy  can  be  liberated 
only  through  kataboUsm  of  embryonic  tissues  and  fluids.  The 
katabolites  are  for  the  most  part  CO,  and  HjO,  but  some  nitrogenous 
compounds  (urea,  etc.)  are  formed,  and  these  must  be  thrown  out  of 


.n  mAmmarj  flai 


the  body  of  the  embryo.  At  an  early  period  of  fetal  hfe  the  meso- 
nephroR — later  the  raetanephros,  or  permanent  kidney— becomes 
functional  and  excretes  urea,  etc.,  which  Bnds  its  way  out  of  the 
cloaca  or  of  the  bladder  and  enters  the  amniotic  fluid.  The  amniotic 
fluid — as  stated  above — may  be  swallowed  by  the  fetus  during  the 
later  stages  of  intrauterine  life.  This  accounts  for  the  presence  of 
urea  in  the  alimentary  tract  of  the  newborn. 

h.  Motosensory  Activity. 

That  the  fetus  is  conscious  of  any  sensation  is  not  even  remotely 
probable.  That  tlie  fetus  responds  reflexly  to  various  stimuli  is 
beyond  ((uestion.  The  "quickening,"  which  takes  place  at  the 
middle  of  the  period  of  intrauterine  life,  is  the  beginning  of  general 
Iwily  movements.  From  the  first  quickening  to  wthin  about  a  week 
of  delivery  the  mincmeiits  increase  in  frequency, strength,  and  e\ideiit 
reflex  character. 
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9.  THE  PHTSIOLOQT  OF  lUTEBNITT. 

a.  Pregnancy  and  Parturition.' 

b.  Lactation. 

The   milk-secreting   glands   are   cutaneous,    and   the   glandular 
epithelium  is  epiblastic  in  ori^n.    Ulie  accompanying  figure  ^ves 


AlTeoll  of  tha  munmary  gland  of  the  bltcb  under  dlflkieut  ccDdlUoni  o(  MUvltr  :  A,  aceUon 
tbroDfb  (heiDlddlaoriwoalTeollUlheconmiene«meiitorUeUtloD,  theepltbellal  MlUbdni 
•aen  in  proBla;  b.  an  alvaoU  In  full  Mcratorr  aetlTltr:   (ScUIbr.  after  Hetdenbalo.) 


ulobulei  of  cowB' 


the  most    important    anatomic    features  of    the    mammary  glend 
(Kg.  337). 
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The  secretion  of  the  milk  is  analogous  to  the  secretion  of  the  oil 
of  oil  glands,  in  that  the  cellular  elements  of  the  gland  epithelium 
are  sacrificed  in  the  process.  Figs.  338  and  339  show  the  glandular 
alveoli  under  different  stages  of  activity. 

Milk  has,  under  the  microscope,  the  appearance  shown  in  Fig.  340. 
The  corpuscular  elements  are  either  colostrum  corpuscles  or  casein- 
pellicled  oil  globules. 

Milk  is  a  physiologic  emulsion  and  has  the  chemical  constitution 
shown  in  the  following  table: 

COMP06ITIOM  OF  HUMAN  MiLK. 

Water 902.717 

Oowfn  (deficcated) 29.000 

Laetoproteffi I.OOO 

Jr»  •  VWmwfWMiWw         m  m  •  ■  •  •  •  •  •  •  ■  •  •  •••••• 

BuUer 25.000 

Sugar  qf  milk 37.000 

Sodium  lactate 0.420 

Sodium  chloride 0.240 

PotasBfum  chloride 1.440 

Sodium  carbonate 0.058 

Calcium  carbonate 0.069 

Calcium  phosphate 2.SI0 

Magnesium  phosphate 0.420 

Sodium  phosphate 0.225 

Ferric  phosphate 0.082 

Sodium  sulphate 0.074 

Potassium  sulphate 


»•  ••• 


1000.000 

per  1( 
aolutionl  t^"t^*V'     .\     '       '  "       '    ^m  {       in  volume. 


Gases  in     (Sf/*®" ,1??  )  30  parU  per  1000 

<  Nitrogen      ...  .       .    12,17  \.       «~       »~ 

^  i Carbonic  add 16.54  ) 


Milk  contains  food  for  the  teeth  and  food  for  the  bones,  food  for 
the  muscles  and  food  for  the  nervous  system.  It  is  a  perfect  food, 
satisfying  every  need  of  the  developing  infant. 
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Albumoses,  354 

Alcohols,  derivation,  of,  299 
diatonic,  300 
formation  of,  299 
oxidation  of,  300 
triatonic,  301 


Abi>ominal  reflex,  672 
Absorption  and  excretion,  42 

definition  of,  431 

different  foodstuffs  of,  441 

former  theories  of,  437 

from  large  intestines,  441 

from  mouth,  440  Allantois,  764 

from  small  intestines,  440  Aldehydes,  derivation  of,  300 

from  stomach,  440  ,  Aldoses,  303 

of  carbohydrates,  443  Alimentary  canal,  structure  of,  276 

of  fats,  444  Amitotic  cell  reproduction,  54 

of  proteins,  443  i  Amnion,  true,  763 

of  salts,  442  Amount  of  contraction  of  a  muscle,  736 

of  water,  441  Amphibia  and  reptiles,  754 

physical  forces  influencing,  436  circulatory  system  in,  754 

physiology  of,   440  Amphiaster,  development  of,  55 

structures  involved  in   432  Amphipy renin,  39 
Accommodation,  influence  of  age  upon,    Amyloplasts,  39 

614  !  Amylopsin,  311 

mechanism  of,  610  I          action  of,  367 

range  of,  613  Amy  loses,  304 

Achromatic  figure,  743  Anabolism,  catabolism,  473 

Action,  voluntary,  102  |          defined,  43,  44 
Activities,  general,  of  muscular  tissue, ,  Anatomy  of  kidney,  509 

726  i  Anaximander,  25 
Activity  of  neurone,  spontaneous  activ-  I  Anelectrotonus,  90,  91 

ity,  644  ,  Aneurysm,  207 

Acuteness  of  taste,  574  pathology  of,  207 

of  vision,  627  |          physiology  of,  207 

Adduction  and  abduction,  729  symptomatology  of,  207 

Adenoid  reticulum,  119  Animal  heat,  genenu  considerations  of. 

Adjustment  of  equilibrium,  565  482 

Afferent   pathways,  680  mechanics,  734 

Air,  complcmental,  228  problems  in,  734 

reserve  228  in  human  locomotion,  737 

residual,  228  metabolism,  459 

tidal,  228  carbohydrates,  459 

Albumen,  egg,  307  fats,  470 

acid,  307,  354  '                  proteins,  463 

alkali,  307,  354  Ankle  clonus,  673 

formation  of  alkali,  367  Anode,  59 

lacto,  307  '          stimulation,  effect  of,  76,  77 

serum,  307  Aortic  insufficiencv,  203 

Albuminates,  307,  354  pathology  of,  203 

Albuminoids,  derived,  308  physiology  of,  203 

native,  308  symptomatology  of,  203 

Albumins,  306  stenosis,  203 

Albuminuria,  534  pathology  of,  203 

functional,  535  physiology  of,  203 

organic  or  nma\,  535  symptomatology  of,  203 

symptoms  of,  535  Aphasia,  ^21 
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Aphaaa,  claflsificationy  723 

general  oonsiderationB,  721 
Apnoea,  249 
Arches,  GiU,  756 
Areas  of  Cohnheim,  68,  70 
Argentieri,  27 

Argyll-RobertsoD  pupil,  671 
Aristotle,  25 

Arm,  upper,  movements  of,  732 
Arteries,  circulation  in  the,  166 
hypogastric,  769 
innervation  of,  189 
structure  of,  116,  117 
Arteritis,  acute,  206 

pathology  of,  206 
symptomatology  of,  206 
chronic,  206 

pathology  of,  206 
physiology,  207 
S3rmptomatology  of,  207 
Asphyxia,  250 
Association  pathways,  681 
Astasia^  698 
Asthenia,  699 
Asthma,  271 

pathology  of,  271 
physiology  of,  271 
S3rmptoms  of,  271 
Atmosphere,  composition  of,  231 
Atonia,  699 
Auditory  centre,  721 

organs,  comparative  anatomy  and 
physiology  of,  579 
embryology  of,  in  vertebrates, 
581 
sensations  and  perceptions,  591 

judgment     based     upon, 

592 
range  of,  591 
Auricle,  work  of,  162 
Auto-objective  sensations,  554 

fatigue,  pain,  shivering,  tick- 
ling, sexual  sensation,  554 
hunger,  553 
suffocation,  553 
thirst,  553 
Axial  mesenchyme,  749 

skeleton  of  mesenchyme,  750 
Axis  cylinder,  98 

structure  of,  72 
Axone,  98 

hillock  of,  637 


Babinski's  diadocokinesia,  688 
reflex,  672 

Battery,  59 

Beginning  of  nervous  system,  747 

cerebellar  vesicle,  748,  761 
medullar  vesicle,  748,  761 
niedullar>'  folds,  747 
midbrain  vesicle,  748,  761 
neural  tube,  747,  761 


Beginning  of  nervous  ssrstem,  neorpn- 

teric  canal,  748,  761 
optic  veaades,  748,  761 
primary  forebrain  vesicle, 
748,  761 
hindbram        veaide. 
748,  761 
Benzole  derivatives,  301 
Bernard,  Claude,  29 
Beverages  as  food  accessories,  324 
Bile,  action  of,  371 

causes  of  diminished  secretion  of, 

416 
composition  of,  366 
dimmution  in  secretion  of,  415 
effects  of  diminished  secretion  of, 
417 
Binocular  fixation,  617 
Bladder,  urinary,  760 
Blastula  in  amphibia,  743 
in  amphioxus,  743 
in  fishes,  reptiles,  and  birds,  743 
in  mammals,  man,  743 
Blood,  analysis  of,  132,  140 

and  cerebrospinal  fluid,  quan- 
titative relation  of,  709 
chemical  properties  of,  140 
circulation  of,  166 
coagulation  of,  146 
color  of,  133 
composition  of,  113 
corpuscles  of,  131 
color  of,  193 
decay  of  red,  152 
of  white,  153 
form  of  red,  134 
functions  of  red,  145 

of  white,   145 
number  of  red,  136 

of  white,  138 
origin  of  red,  152 
of  white,  153 
size  of,  193 

of  red,  135 
white,  138 
current,  velocity  of,  171 
gases  of,  237 
granules  of,  139 
morphology  of,  134 
odor  of,  133 

other  structural  elements  of,  139 
pathologic  physiology  of,   192 
phvsical  properties  of,  131 
plasma,  131,  140,  196 
platelets,  139 
pressure,  166 

coronary,  182 
laws  of  arterial,  169 
method  of  determining,  166 
reaction  of,  141 
relations  of  CO,  in,  239 

of  oxygen  in,  238 
respiratory  changes  in,  237 
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Blood,  specific  gravity  of,  134 
spectrum  of,  242 
supply  of  the  kidney,  509 

protection  of,  146 
taste  of,  134 
total  quantity  of,  145 
transfusion  of,   150 
variation  in  coagulability,  197 
in  extractives  of  the,  197 
in  salts  of,  196 
vascular  system,  115 
Bloodvessels,  116 
location  of,  146 
tonus  of^  190 
Bodies,  elastic,  18 
fluid,  18 
rigid,  18 
solid,  18 
Body,  chemical  composition  of,  313 

definition  of^  18 
Brachium,  supenor,  701 
Brain,  709 

human,  development  of,  761 

motor  centres,  localization,  ob- 
servations on,  716 
movements  of,  709,  710 
nerve  centres  of,  102 
Bronchi,  214 
Bronchitis,  acute,  265 

pathology  of,  265 
physiology  of,  266 
symptomatology  of,  265 
chronic,  266 

pathology  of,  266 
physiology  of,  266 
symptomatology  of,  266 
Bronchopneumonia,  266 
pathology  of.  266 
physiology  of,  267 
symptoms  of,  267 
Bnicke,  29 
Buccal  fluid,  383 

diminution  in  amount  of,  383 
increase  in  amount  of,  383 
Bunge,  28 
Butane,  298 


Canal,  neurenteric,  748 
Capacity,  lung,  227 

vital,  228 
Capillaries,  circulation  in,  175 

lymph,  121 

structure  of,  118 
Capillary  pressure,  method  of  determin- 
ing, 177 
Carbohydrates,  bacterial  action  on,  375 

chemistry  of,  303 
Carbon  compounds,  297 

relation  to  digestion  of,  297 

equilibrium,  467 
Cardia,  281 
Cardiogram,  158 


Cardiograph,  157 
Cartilage,  cricoid,  251 

thyroid,  250 
Cartilages,  arytenoid,  251 
Casein,  307 
Cathode,  59 
Cell,  40 

Daniell,  58 
definition  of,  36 
division,  740 

anaphases,  55 
metaphase,  55 
prophases,  55 
telaphases,  55 
form  and  size  of,  40 
reproduction,  54 

direct  or  amitotic,  54 
indirect,  54 
structure  of,  36 
Cells  in  series,  59,  62 
Central  nervous  system,  760 

development  of  the  hu- 
man brain,  761 
general  considerations  of, 

760 
in  all  vertebrates,  760 
in  fishes,  760 
in  highest  vertebrates,  761 
in  lowest  vertebrates,  760 
theory,  652 
Centre,  action  of  respiratory,  248 
auditory,  721 
automatic   action   of   respiratory, 

248 
co-ordinating,  698 

maintenance  of  life,  686 
medulla  oblongata,  686 
direct  stimulation  of  respiratory, 

248 
^statory,  721 
mdependent,  medulla  and  pons  as 

an,  681 
inhibitory,  cardiac,  683 
lower  speech,  682 
motor,  102 

speech,  719 
of  unconscious  control  of  muscular 

movement,  687 
olfactory,  721 
reflex  stimulation  of  respiratory, 

respiratory,  684 
somsMthetic.  719 
taste,  medulla,  686 
trophic,  s{>inal  cord,  677 
vasoconstrictor,  190 
vasomotor,  102,  684 
visual;  720 
vomiting,  684 
writing,  Exner's,  718 
Centres  in  orain,  102 
in  medulla,  102 
in  spinal  cord,  102 
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Centres,  motor,  localization  of,  714 

experiments  on  monkeys, 

715 
Exner's    writing    centre, 

718 
higher  motor  centres,  719 
motor  speech  centre,  719 
observations     upon     the 
human  brain,  716 
nerve,  102 

reflex,  location  of,  676 
sensory,  localization  of,  719 
auditory  centre,  721 
gustatory  centre,  721 
olfactory  centre,  721 
soma^sthetic  centre,  719 
visual  centre,  720 
trophic,  102 
vegetative,  102 
Centrosome,  39 
division  of,  55 
migration  of,  55 
Cephalic  flexure,  762 
Cerebellar  development   rs.   equilibra- 
tor>'  power,  690 
pathway,  661 
vesicle,  748,  761 
CerebeUum,  663 

course  taken  by  co-ordinating  im- 
pulses from,   663 
physiologj'  of,  686 
Cerebral  cortex,  662 

course  of  voluntary-  impulses 

of,  662 
functions  and   their  localiza- 
tion, 713 
pathologic  physiology-  of,  721 
functions,  higher,  724 
hemispheres,  763 
pathway,  660 
Cerebro-pontine-cerebellar  tract,  679 
Cerebrum,  faLx  of,  763 
Changes,  chemical,  726 
electric,  727 
of  form,  727 
thennal,  727 
Character  of  the  metabolic  changes,  458 
Chemical  changes,  726 

composition  of  the  urine,  tabulated, 
514 
Chlorophvll.  43 
Chloroplasts,  39 
Cholelithiasis,  500 

etiology  and  pathogenesis  of,  501 
patholopc  pliysiology  of,  501 
Chorion.   7t>4 
('}in)inatie  fijrure,  743 
Chromatin    39 
Chroniophilos,  9S 
Chnnnoplasts.  39 
Chn>nioproteiils.  308 
Chn>niosonies.   formation  of,  55 
Chronograph,   the,  67 


Chyle,  circulating,  112 
Chvme,  circulating,  112 
Cilia,  motion  of,  49 
Circulating  fluid,   112 

most  complete,  113 
Circulation,  115 

anatomical  introduction  of,  115 
comparative  physiology  of,  112 
control  of  organs  of,  184 
of  elements,  769 
of  embryo,  769 
of  fetus,  769 

ductus  arteriosus,  769 

venosus,  769 
foramen  ovale,  769 
hypogastric  arteries,  769 
coronary,  182 
general  outline  of,  109 
in  l>inph  radicles,  183 
in  lymphatics,  184 
introduction,  112 
pathologic  ph^'siology  of.  197 
physical  introduction,  123 
propelling  force  in,  114 
of  typictu  compounds,  457 
Circulatory  organs  and  tissues,  122 
histogenesis  of,  122 
system,  753 

general  considerations  of,  753 
in  amphibia  and  reptiles,  754 
in  lower  vertebrates,  754 
innervation  of,  184 
intermediate  classes  of  verte- 
brates, 753 
one  and  two-chambered  heart, 

754 
reflexes  of,  675 
simplest  heart,  753 
special  metamorphosis  of  the 
heart,  755 
Circumduction,  730 
Classes  of  vertebrates,  intermediate,  753 
Cleavage,  742 

nucleus,  743 
Clonus,  ankle,  673 

patellar,  673 
Coagulation  of  blood,  factors  influenc- 
ing, 147 
Coelenterates,  circulating  fluid  of,  112 

organs  of,  113 
Cohnheim,  areas  of,  68,  70 
Collagen,  308 
Collaterals,    avalanche    conduction   of, 

639 
Color-blindness,  626 
acquired,  626 
complete,  626 
normal,  626 
red-green,  626 
yellow-blue,     626 
Columns,  muscle,  68 
Common  foods,  477 

potential  energ>'  of,  477 
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Commutator,  Pohl,  61,  62 
Comparative  anatomy  and  physiolog}* 
of  the  auditory  organs,  579 
physiology  of  vision,  597 
Composition  of  human  milk,  772 
Conception,  724 
Condiments,  324 
Conducting  medium,  medulla  and  pons 

Varolii,  676 
Conductivity  of  nerve  tissue,  89 

rate  of,  89 
Conjunctival  reflex,  672 
Conservation  of  energy,  481 
Consonants,  257 
Constipation,  causes  of,  423 

effects  of,  424 
Constructive  imagination,   725 
Contractility,  47 

Contraction,  amount  of,  of  a  muscle, 
736 
Pfliiger's  law  of,  91,  92 
Contractions,  staircase,  87 
Co-ordinated  reflexes,  extensive,  671 
Co-ordinating  centre,  698 
Co-ordination,  686 

adjustment    of    muscular   action, 

686 
and  equilibration,  686 
diadocokinesia,  688 
Cord,  spinal,  677 

trophic  centre,  677 
umbilical,  764 
urogenital,  759 
Cords,  tension  of  vocal,  254 
Corpus  caUosum,  723 

function  of,  723 
striatum,  723 

function  of,  723 
Corpuscles,  145 

formation  and  destruction  of,  152 
function  of  red,  145 

of  white,  145 
morphology  of  red,  193 
pus,  179 

variation  in  number  of  red,  194 
Cortex,  cerebral,  721 

pathologic  physiology  of,  721 
function  of,  711 
Cor}za,  acute,  262 

pathology  of,  262 
physiology  of,  262 
syniptomatology  of,  262 
chronic,  263 

pathology  of,  263 
physiology  of,  263 
svniptoinatologv  of,  263 
Coughing,'  230 

Cours<»  of  motor  impulses,  662 
of  Ht'iisory  impulses,  656 
of    vohmtary    impulses    from    the 

ccn'bnil  cortex,  662 
takrn    l)y    co-ordinating    impulses 
from  the  cerebellum,  663 


Course  taken  by  impulses  of  tempera- 
ture and  pain,  657 
by  muscular  impulses,  659 
by  tactile  impulses,  658 
Cranium  and  spinal  column,  731 

motions  of,  731 
Cremasteric  reflex,  671 
Crying,  230 
Current,  61 

chajiging  direction  or  course  of,  61 
induced,  60 

to  change  the  strength  of,  62 
Cutaneous  excretion,  529 
Cycle,  cardiac,   164 

events  of,  163 
Cyclic  elimination  of  crystalloides,  497 
Cylinders,  757 

hepatic,  757 
Cytolymph,  35 
Cytoplasm,  37 


Decidua  reflexa,  764 
serotina,  766 
vera,  764 
Decidua*,  decidua  reflexa,  764 
serotina,  766 
vera,  764 
Decomposition  and  synthesis,  458 
Deep  reflexes,  672 

tendo  Achillis  reflex,  672 
Defecation,  378 
reflex,  674 
Deglutition,  339 

involuntary  part  of,  339 
nervous  mechanism  of,  341 
cesophageal,  341 
pathology  of,  385 
phar>'ngea],  339 
reflex,  673 

voluntary'  part  of,  339 
Dehydration  and  hydration,  458 
Dendrites,  98,  635 
function  of,  645 
gemmules  of,  637 
Dermal  mesenchyme,  749 

protective  structures,  548 
system,  546 

excretion  of.  549 
excretory  glands  of,  547 
introduction,  543 
nerves  of,  547 
outline  of,  543 
physiology  of,  547 
protective  glands  of,  546 

structun»s  of,  548 
rt»spiration  of,  549 
f«»bact»ou8  glands  of,  548 
siM'rt»tory  glands  of,  547 
summar\'  of  morphologic  fea- 

turt»s,  544 
thennolysis  of,  549 
l>ermis  or  corium,  545 
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Deuteroproteose,  368 
Development  of  the  human  brain,  761 
cephalic  flexure,  762 
cerebral  hemispheres,  763 
falx  cerebri,  763 
longitudinal  fissure.  763 
metamorohosis  of  tne  ves- 
icles, 762 
nuchal  flexure,  761 

protuberance,  761 
outline  of,  763 
pontal  flexure,  761 
early,  751 

summary  of,  751 
external  ear,  581 
middle  ear,  581 
of  germ  layers,  743 

blastula,  743 
embryo  with  three,  744 
gastrula,  743 
of  labyrinth,  582 
of  lungs,  757 

bud-like  outgrowths  of,  767 
primitive  lung  vesicles,  757 
of  primitive  segments,  746,  747 
summarv  of  early,  751 
Diabetes  mellitus,  492 

etiology   and  predisposing 

causes  of,  492 
pathogenesis  of,  492 
pathologic    physiology    of 
symptoms,  493 
Diabetic  coma,  494 
Diadocokinesia  of  Babinski,  688 
Diameters,  219 

changes  of  thoracic,  219 
Diapedesis,  178 
Diarrhoea,  420 
causes  of,  420 
effects  of,  422 
Diastase,  311 
Diastole,  154 
Differentiated  stage,  759 

genital  gland,  760 
sexual  differentiation,  760 
ureter,  760 
urinary  bladder,  760 
urogenital  cord,  759 
ridge,  760 
sinus,  760 
Differentiation,  751 

histologic  principle  of,  751 
sexual,  760 
Digestion,  274 

automatic  introduction,  270 
by  secreted  ferments,  275 
chemical  introduction  to,  297 
effect  of  stomach  movements  on, 

358 
factors  influencing  salivary,  335 
gastric,  341 
glands  of,  285 
influence  of  temperature  on,  357 


Digestion,  intestinal,  361 
intracellular,  274 
physiology  of,  326 
comparative,  274 
of  pathologic,  378 
salivary,  326 

chemistry  of,  334 
time  of,  336 
secretory  activity  in,  283 
Digestive  disturbances,  497 
system,  757 

innervation  of,  282 
special  development  of  diges- 
tive glands,  757 
Dilatation  and  hypertrophy  of  heart, 

205 
pathology  of.  205 
physiology  of,  206 
symptomatology  of,  206 
Diminution  of  salivary  secretion,  380 
causes  of,  380 
effects  of,  380 
Dioptic  system,  596 
Direct  and  indirect  vision,  621 
Disturbances  of  biliary  function,  497 
of  fat  metabolism,  obesity,  4941 
Division,  cell,  740 
Dromo^raph,  Chauveau's,  170 
Du  Bois-Reymond,  29 
Duct,  Miillerian,  759 

Wolffian,  759,  760 
Ducts,  alveolar,  214 
Ductus  arteriosus,  769 

venosus,  769 
Dyspnoea,  250,   270 


Ear,  583 

summary'  of  anatomy  and  histology 
of,  583 
Eclampsia,  536 

Edinger-Weigert  Ersatz  Theorie,  645 
Effect  of  activity  upon  the  neurone,  645 
of    Ersatz    theorie    of    locomotor 

ataxia,  645 
of     irritation     of     quadrigeminal 

bodies,  anterior,  703 
of   mutilation  upon  the   neurone, 
conclusions,  644 
descending   degeneration, 

642 
Wallerian     degeneration, 
642 
Efferent  mechanism,  698 

pathways,  678 
Eggs  as  food,  322 
Elastin,  308 
Elbow-jerk,  672 
Electric  changes,  727 
Electricity,  65 

measurements  of,  65 
Electrodes,  59 
boot,  60,  61 
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Electrodes,  Fleischl's,  60 

non-polarizable,  60 

shielded,  60,  61 
Electrometer,  capillary,  65,  66 
Electrotonus,  91,  92,  93 

laws  of,  91.  92,  93 
Elements,  circulation  of,  453 
Embolus,  202 

pathology  of,  201 

physiology  of,  202 

symptomatology  of,  202 
Embryo,  743 

beginning  of  the  nervous  system, 
747 

circulation  of,  769 

development  of  germ  layers,  743 
of  primitive  segments,  746 

mesenchyme,  748 

origin  of  urinary  system,  750 

summary  of  early  development,  751 
witn  three  germ  layers,  744 
Embryolo^  of  human  eye,  599 
Emotion,  725 
Emulsification,  370 

methods  of,  370 
Emulsion  theory,  445 
Endocarditis,  acute,  200 

pathology  of,  200 
physiology  of,  200 
symptomatology  of,  200 

chrome,  202 

pathology  of,  202 
symptomatology  of,  202 
Endomysium,  68 
Endoneurium,  72 
End-organ  theory,  650 
Energy,  cell's  manifested,  47 
source  of,  46 

chemical,  46 

conservation  of,  19 

definition  of,  18 

expenditure  of,  481 

heat  and  light,  46 

income  of,  476 

liberation  of,  480 

potential,  480 

primary  liberation  of,  480 

transformation  of,  18 
Enterokinase.  366 

action  of,  373 
Envelopes,  763 

fetal,  763 

maternal  portion  of,  764 
Enzymes,  310 

amylolytic,  311 

coagulating,  312 

conditions  affecting,  312 

of  gastric  juice,  396 

diminution  of,  396 
increase  in,  395 

inverting,  311 

lipolytic,  311 

proteolytic,  311 


Eosinophilia,  195 
Epidermis,  546 
Epiglottis,  251 
Epimysium,  68 
Equibbration,  689 

and  co-ordination.  686 

Jsithologic  physiology  of,  698 
brium,  maintenance  of,  691 
Enisistratus,  25 
Erectile  reflex  of  penis,  671 
Erythrocyte,  193 
Estimates  of  size,  628 
Ethane,  298 
Ether,  17 
Eupncea,  249 
Eustachio,  26 
Excretion,  529 

cutaneous,  529 

factors  which  cause  a  varia- 
tion in  the  quantity,  531 
influence   of   ner\'ous   svstem 

upon,  531 
process  of,  perspiration,  531 
definition,  506 
dermal,  549 

general  considerations  of,  507 
glandular,  527 
glomerular,  526 

factors  influencing  it,  526 
intestinal,  532 
literature  of,  541,  542 
of  water  and  salts,  536. 
organic,  533 
pathologic,  532 
cellular,  532 
physiology  of,  532 
tissue,  532 
pulmonary,  529 
renal,  533 
urinary,  527 

influence   of  nervous   systenl 

upon,  527 
summary  of,  528 
Exner's  writing  centre,  718 
Experiments  oT  Fick  and   Wislicenus, 

469 
Elxtensive  reflexes,  670 
External  ear,  581 

development  of,  581 
fertilization,  742 

phenomena  of  segmentation,  743 
relations^  543 

outhne  of,  543 
physiology  of,  543 


Factors  influencing  glomerular  excre- 
tion, 526 
of  perspiration,  531 
Falloppia,  26 
Falx  cerebri,  763 
Fasciculi,  muscular,  68 
Fasciculus  longitudinalis,  posterior,  679 
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Fat  metabolism,  494 

disturbances  of,  494 
Fatigue,  muscle,  87 
Fats  as  foods,  320 

chemistry  of,  304 
Feces,  376 
Fermentation,  309 

extracellular,  311 

intracellular,  311 
Ferments,  308 

conditions  affecting,  312 

defined,  45 

fibrin,  148 
Fertilization,  741 

external,  742 

internal,  742 

segmentation  nucleus,  742 
Fetal  envelopes,  763 

maternal  portion  of,  764 

membranes,  763 
allantois,  764 
chorion,  764 
true  amnion,  763 
umbilical  cord,  764 
Fetus,  769 

circulation  of,  769 

metabolism  and  excretion  of,  770 

organogenesis,  752 
Fibrillar,  muscular,  68 
Fibrin^  307 

ferment,  148 
Fibrinogen,  148,  307 
Fick,  29 
Figure,  achromatic,  743 

chromatic,  743 
P^ila  olfactoria,  569 
Fillet,  701 

lateral,  681 

mesial,  680 
Filtration,  437 

Fishes,  respiratory  system  of,  756 
Fissurc,  longitudinal,  763 
Flexion  and  extension,  729 
Flexure,   cephalic,  762 

nuchal,  761 

pontal,  761 
Fluid,  most  primitive  circulating,  112 
Fluids,  circulating,  112,  131 

circulation  of,   154 

gast's,   18 

liquids,   18 
Folds,  medullary,  747 
F'oUicles,  lymphatic,  119 
F'ood  accessories,  324 

importance  of  masticating,  356 

mastication  of,  335 

preparation  of,  335 

reaction  of  masticated,  336 

temperature  of,  335 
Foods,    earbonaeeous,   317 

earbonitrogenous,  320 

complete,   320 

definition  of,  312 


Foods,  digestion    and    absorption   of, 

birds,  768 
mammals,  768 

inorganic,  315 

nitrogenous,  322 

organic,  317 

preparation  of,  325 
Foodstuffs,  315 

classification  of,  315 

definition  of,  312 
Foramen  ovale,  769 
Forced  movements,  564 
Forearm,  movements  of,  732 
Fourth  order,  individual  of,  41 
Franklin  theory  of  vision,  625 
Fruits  as  food,  318 

uses  of,  319 
Function  of  axone,  647 

of  corpus  callosum,  723 

of  cortex,  711 

general  considerations  of,  711 

of  dendrites,  645 

of  end-organ,  650 

of  internal  capsule,  724 

of  striatum,  723 
Functional  albuminuria,  535 

organic  or  renal,  535 
Functions,  liigher  eerebiil,  724 

ot  cerebral  cortex,  713 

localization  of,  713 

special,  of  muscle-bone  organs,  731 


Galen,  26 

Galvanometer,  Thompson's,  65 

Wiedmann's,  65 
Gaseous  material,  absorption  and  ex- 
cretion of,  42 
Gastric  digestion,  354 

chemistry'  of,  354 
effect  of  acids  on,  398 
of  alcohol  on,  398 
of  alkalies  on,  398 
of   antiseptics   and   anti- 

z>^notics  on,  399 
of  bitters  and  stomachics 
on,  399 
factors  influencing,   356 
motor  disturbances  in,  402 
pathology  of,  388 
juice,  353 

chemistry  of,  353 
secretion  of,   341 
movement,  reflex,  673 
Gastrula  in  amphibia,  744 
in  amphioxus,  744 
in  fishes,  reptiles,  and  birds,  744 
in  manunals,  744 
Gelatin,  308 

General  activities  of  nmscular   tissue, 

changes  of  form, 727 
chemical  changes,726 
electric  changes,  727 
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General   activities  of  muscular  tissue, 
thermal  changes,  727 
functions  of  muscle-bone  organs, 

729 
adduction    and    ab- 
duction, 729 
circumduction,  730 
flexion     and     exten- 
sion, 729 
rotation,  730 
Genital  gland,  760 
Germ  layers,  743 

development  of,  743 
Germinal  spot,  740 

vesicle,  740 
Gill  arches,  756 
Girtanner,  28 
Gland,  genital,  760 
Glands,  285 

digestive,  285 
gastric,  341 

hypersecretion  of  salivary,  378 
internal  secretions  of  ductless,  287 
lymphatic,  119 

nerves  governing  salivary',  332 
of  demml  system,  546 
parotid,  326 
salivary,  278 
sublingual,  326 
submaxillary,  326 
thyroid,  287 
Glandular  excretion,   or  excretion   by 
the    epithelium    of    the    convoluted 
tubule,  527 
Globulin,  serum,  307 
Globulins,  307 
Glomerular  excretion,  526 
experiments,  526 
Glottis,  253 

abduction  of,  253 
adduction  of,  254 
Glucoproteids,  308 
Gluteal  reflex,  671 
Glycerin,  301 

derivation  of,  301 
Glycols,  300 
Glycoses,  303 
Glycosuria,  490,  491 
alimentar>',  496 
Goltz,  29 
Goitre,  288 
Gout,  502 

etiology  of,  502 
pathogenesis  of,  502 
pathologic  physiology  of,  502 
Granules  of  blood,   139 

elementary,  139 
Gustatorv,  centre  721 


HiEMOOLOUIN,   308 

dinunished,   194 
increased,  194 


HsBmoglobin,   quantitative   determina- 
tion of,  142 
Ha»moglobinometer,  Gowers',  143 
Hajmolymph,  113 
Haemometer,  Dare's,  144 
Fleischl's,  143 
Oliver's,   144 
Haller,  27 
Halliburton,  28 
Hammarsten,  28 
Hand,  732 

movements  of,  732 
Harvey,  27 
Hearing,  575 

outline  of,  575 
Heart,  114 

acceleration  of,  188 
accelerator  centre  of,   189 
action  of,  154 
cavity  of,  116 
changes  in  form  of,  155 
in  position  of,  156 
in  pressure  within,  159 
contractions,  728 

peristaltic  character  of,  728 
inhibition  of,  188 
inhibitory  centre  of,  189 
innervation  of,  184 
mechanical  stimulation  of,  189 
muscle,  184 

action  of,  184 
musculature  of,  115 
nerve  regulation  of,  187 
one  and  two-chambered,  754 
simplest,  753 
sounds  of,  165 

special  metamorphosis  of,  755 
valves  of,  116 
work  done  by,  164 
Heat  regulation,  487 
Helmholtz,  29 

theorv      of      sound      reception, 
590 
Hemispheres,  763 
cerebral,  763 
Hemorrhage,  149 
effect  of,  149 
Hensen,  70 

plane  of,  70 
Hepatic  cj'linders,  757 

insufficiency,  496 
Hering,  29 

theory  of  vision,  624 
Heteroalbumoses,  354 
Hiccoughing,  230 
Higher  ct»rel)ral  functions,  724 
conw'ption,  724 
constructive  imagination, 

725 
emotion,  725 
imagination,  725 
pn>|M»r,  725 
perception,  724 
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Higher  cerebral  functions,  recollection 

and  memory,  724 
representative     imagina- 
tion, 725 
volition,  725 
will  725 
motor  centres,  719 
Hippocrates,  25 
Histohsematin,  308 
Hitzig,  29 
Hofmeister,  28 
Hoppe-Seyler,  28 
Human  brain,  761 

development  of,  761 
ear,  581 

special  embryology  of,  581 
summary  of  its  anatomy  and 
histology,  583 
eye,  605 

as     an     optical     instrument, 

605 
as    sense    organ    of    vision, 

618 
embryology  of,  599 
imperfections  of  the  refractive 

apparatus,  614 
normal,  606 
organ  of  Corti  of,  585 
summary  of  its  anatomv  and 
histology,  602 
locomotion,  737 

problems  in,  737 
milk,  772 

composition  of,  772 
Hyaloplasm,  35 

Hydration  and  dehvdration,  458 

Hydrochlorhydria,  388 

causes  of,  388 

effects  of,  388 

Hydrochloric  acid,  343 

formation  of,  343 
in  digestion,  343 
secretion  of  346 
Hydrolymph,  112 
Hyperchlorhydria,  388 
causes  of,  388 
effects  of,  388 
Hyp>ermotility  of  stomach,  409 
Hyperopic  eye,  614 
HyperpnoDa,  250 
Hypersecretion  of  saliva,  379 
causes  of,  379 
effects  of,  379 
Hypoazoturia  with  ammoniuria,  490 
Hypochlorhydria,  391 
causes  of,  391 
effects  of,  392 
general  nutrition  in,  394 
stomach   niotiHty  in,  393 
systemic  effects  of,  394 
Hypogastric  arteries,  7()9 
Hypophysis  cerebri,  294 
function  of,  294 


Icterus,  498 

definition  of,  499 

infectious,  500 

neonatorum,  500 

obstructive    or    mechanical,  from 

polychromia,  499 
pathogenesis  of,  499 
policholic,  500 
urobilin,  500 
Ideal  ration  for  average  man  at  Hght 

work,  478 
Ileus,  426 

causes  of,  426 
effects  of,  427 
Imagination,  725 

constructive,  725 
proper,  725 
representative,  725 
Imperiections  of  refractive  apparatus 

of  eye,  614 
Impressions,  695 

labyrinthine,  695 

influence  of,  695 
tactile,  692 

influence  of,  692 
visual,  693 

influence  of,  693 
Income  and  outgo  of  matter,  452 

of  energy,  475 
In  co-ordinated  reflexes,  670 
Increased  toxicity  of  the  urine,  497 
Indifferent  stage,  758 

Miillerian  duct,  759 
Wolffian  duct,  760 
Inductorium,  64 

Du  Bois-Reymond,  64 
mechanism  of,  65 
Inferior  maxillary  reflex,  672 
Influence  of  labyrinthine  impressions, 

695 
of  locomotion,  696 
of  muscular  sense  impulses,  691 
of  nervous   system   upon   urinarj* 

excretion,  527 
of  tactile  impressions,  692 
of  visual  impressions,  693 
Influenza,  268,  269 
Infundibula,  214 
Inhibition,  670 

beyond  voluntary,  670 
of  reflexes,  669 
unconscious  cerebral,  670 
voluntary,  669 
Inhibitory  centre,  683 
cardiac,  683 
power  of  neurones,  653 
Injury  to  cell  body,  643 

current  of,  86 
Innervation  of  circulatory  svstem,  184 
of  digestive  system,  28^ 
of  heart,  184 
of  kidney,  511 
of  lungs,  247 
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Innervation  of  respiratory  system,  247 

of  stomachy  282 
Inoreuiic  constituents  of  urine,  524 
Insufficiency,  203 
aortic,  203 
mitral,  203 
of  pylorus,  408 
tricuspid,  204 
Interbrain.  708 

pathologic  physiology  of,  708 
physiology  of,  707 
IntemaJ  capsule,  724 

function  of,  724 
fertilization,  742 

phenomena  of  segmentation,  743 
Interrelation  of  neurones,  641 

of  foodstuffs,  472 
Interrupter,  64 
Neef's,  64 
Intestinal  digestion,  373 

factors  influencing,  373 
influence  of  bacteria  upon,  373 

of  cellulose  on,  3/6 
motor  disturbances  in,  420 
pathology  of,  412 
excretion,  532 
movements,  reflex,  j678 
Intestme,  282 
large.  282 
small,  281 
Intestines,  movements  of,  377 
Intoxicants,  324 
Invertin,  311,  366 
action  of,  372 
Involuntary  muscles.  727 
non>striatea,  727 
lodothyrin,  290 
Irritability,  51 
of  retina,  620 

factors  involved,  620 
Irritation,  703 

effects    of    quadrigeminal    bodies, 
anterior,  703 
Isodynamic  equivalents  of  foodstuffs, 

479 
Isomerism,  299 


Judgments  based  upon  auditory  sensa- 
tions and  perceptions,  distance,  direc- 
tion, source,  592 

Juice,  341 

secretion  of  gastric,  341 


Karyokinesis,  54 
Karj'olymph,  39 
Karyosome,  39 
Katabolism,  44 
defined,  44 
Katelectnitonus,  90,  91 
Kathode  stimulation,  76,  77 
effect  of,  76,  77 


Keratin,  308 

Ketones,  300 

derivation  of,  300 

Ketoses,  303 

Key,  Du  Bois-Reymond,  59,  60 

Kidneys,  509 

anatomy  of,  509 
blood  supply  of,  509 
innervation  of,  511 
uriniferous  tubules  of,  510 

Kinetic  energy,  481 

expenditure  of,  481 

Knot,  120 

lymph,  120 

Kossel,  28 

Krause,  membrane  of,  69 

Kiihne,  29 

Kymograph,  66 

Kymographion,  167 


Labyrinth,  582 

crista  acustica  of,  583 
development  of,  582 
macula  acustica  of,  583 
Labyrinthine  impressions,  695 

influence  of,  695 
Lactation,  771 

composition    of    human    milk, 
772 
Lactoalbumin,  307 
Lactose,  304 
Large  intestine,  375 

bacteria  of,  375 
Laryngeal  reflex,  672 
Laryngitis,  264 
acute,  264 

pathology  of,  264 
physiology  of,  264 
symptomatology  of,  264 
chrome,  265 

pathology  of,  265 
physiology  of,  265  , 

symptomatology  of,  265 
Larynx,  254 

acoustics  of,  254 
anatomy  of,  250 
mechanics  of,  252 
muscles  of,  251 
nerves  of,  252 
Lateral  fillet,  681 
T/aughing,  230 
Lavoisier,  28 
Law,  130 

Da  Vinei's,  130 

of  multiplication  of  effects,  649 
Pfliiger's,  91,  92 
Torncelli's,  124 
Laws  of  nitrogen  equilibrium,  469 
of  refraction,  605 

application  to  the  mammalian 

eye,  605 
applied,  607 
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Laws  of   refraction,  applied^  final  ap- 
proximate reduction  of  visual  angle 
of,  607 
I.«eeuwenhoek,  27 
Leg  and  foot,  733 

movements  of,  733 
Legumes  as  food,  321 
Leukocytes,  138 

decrease  in  number  of,  196 
formation  and  decay  of,  153 
number  of,   195 
I^eukocytosis,   195 

mononuclear,  195 
polyneuciear,  195 
simple,  195 
Liebig,  28 

Liebig's  theory,  469 
Life,  21 

definition  of,  21 
motosensory  activities  of,  47 
phenomena  of,  42 
Line  of  vision,  608 
Linin,  39 
Lipase,  311 

action  of,  369 
Liquid  substances,  43 

absorption  and  excretion  of, 
43 
Liquids,  124 

discharge  of,  124 
flow  of,  123 

under    intermittent    pressure, 
128 
pressure  of,  125 
velocity  of,  124 
Literature,  541,  542 

on  excretion,  541,  542 
on  pathologic  physiology  of  met- 
abolism, 503,  504 
Liver,  448 

functions  of,  451 
general  phvsiology  of,  450 
hepatic  cylinders  of,  757 
internal  secretion  of,  295 
Living  siil)stance,  40 

individualization  of,  40 
morphology  of,  35 
Load,  83 

relation  of,  to  work,  83 
Lobule  of  lung,  214 
Localization  of  motor  centres,  714 

observations     upon     the 
human  brain,  716 
of  sensory  centres,  719 
of  taste,  574 
Location   of  reflex  centres.   676 
Locomotion,  human,  737 
prol)l('ms  in,  737 
Longitudinal   fissure,  763 
Lower  speed i  centre,  682 
vertebrates,  754 

circulatory   system   in,   754 
Ludwig,  29 


Lung  vesicles,  757 

primitive,  757 
Lun^,  247 

mnervation  of,  247 
Lymph,  151 

amount  of,  151 

chemistry  of,  151 

circulation  of,  183 

color  of,  151 

follicles,  119 

structure  of,    119 

gland,  120 

structure  of,   120 

knot,  120 

morphology  of,  151 

physical  properties  of,  151 

X'ific  gravity  of,  151 
tic,  119 
afferent,  119 
efferent,  119 
system,  119 
Lymphatics,  121 


Maintenance  of  equilibrium,  691 

afferent  apparatus,   691 
Malpighius,  27 
Maltose,  304 
Manometer,  167 

Ludwig's,  167 

mercury,  126 
Marey,  29 
Mass,  17 

definition  of,  17 
Mastication,  337 

musculature  of,  338 

nerves  of,  338 

pathology  of,  384 

process  of,  338 

skeletal  structures  of,  337 
Maternal  portion  of  envelopes,  764 

of  placenta,  766 
Matter.  17 

definition  of,  17 

income  and  outgo  of,  452 

lifeless,  19 

liWng,  19 
Maturation,  740 

cell  division,  740 

nuclear  spindle,  740 
Mean  temperature,  483 

method  of  determining,  483 
Meats  as  food,  323 
Mechanical  character  of  reflex  action, 

668 
Mechanics,  734 

animal,  734 
Mechanism,  698 

efferent,  698 
Medulla,  686 

and  pons  as  a  conducting  medium, 
676 
as  independent  centre,  683 
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Medulla  and   pons,  cardiac  inhibitory 

centre,  683 
general       considera- 
tions of,  682 
lower  speech  centre, 

682 
respiratory      centre, 

684 
taste   centre   of   the 

medulla,  686 
vasomotor  centre, 

684 
vomiting  centre,  684 
as  independent  centre,  681 
taste  centre  of,  686 
Medullar  vesicle,  748,  761 
Medullary  folds,  747 


Metamorphosis  of  vesicles,  762 
Methane,  297 
Microblast,  193 
Microcyte,  193 
Microsomes,  36,  38 
Micturition,  528 

egestion  of  urine,  528 

reflex,  674 
Middle  ear,  581 

development  of,  581 
physiology  of,  588 
Midbrain  vesicle,  748,  761 
Milk  as  food,  321 

chemical  composition  of,  313 

human,  772 

composition  of,  772 
Mitosis,  54 


oblongata,  a  co-ordinating  centre '  Mitral  insufliciency,  203 


of  reflex  actions  essential  to 
the  maintenance  of  life,  686 
centres  in,  102 
co-ordinating  centre,  686 
phvsiology  of,  678 
reflex  actions  essential  to  life, 
686 
Megaloblast,  193 
Megalocyte,  193 
Membranes,  763 
fetal,  763 
Krause's,  69 
vitelline,  740 
Menu  for  particular  conditions,  479 
Mesencephalon,  704 

cereDellocerebra],  pathway  of,  704 
normal  physiology  of,  700 
nuclei  of  third  and  fourth  cranial 

nerves,  705 
pathologic  physiology  of,  706 
pes  pedunculi,  706 
physiology  of,  699 
Mesenchyme,  123,  748 
axial,  749 
dermal,  749 
individual  cells  of,  749 
nutriment  of,  750 
skeleton  of,  750 
somatic,  749 
splanchnic,  749 
supoort  of,  750 
Mesial  fiUet,  680 
Metabolic  changes,  458 

character  of,  458 
Metabolism,  459 

and  excretion  of  fetus  and  embryo, 

770 
animal,  459 
chemical  phases  of,  44 
classifiration  of,  447 
defined,  44 
definition  of,  447 
outline  of,  446 
physical  phtiw^s  of,  46 
tissue  and  organs  of,  448 


50 


pathology  of,  203 
physiology  of,  204 
s3rmptomatology  of,  204 
stenosis,  204 

pathology  of,  204 
physiology  of,  204 
s3rmptomatology  of,  204 
Monkeys,  715 

experiments  on,  715 
Motion,  48 

amoeboid,  48 
and  contractility,  47 
ciUary,  49 
muscular,  49 

through  change  of  cell  turgor,  48 
in  specific  gravity,  48 
contractility^  48 
growth  tension,  48 
secretion,  48 

swelling  of  the  cell  wall,  48 
without  contractility,  48 
Motions  of  the  cranium  and  spinal  col- 
umn, 731 
Motor  centres,  719 
higher,  719 
impulses,  662 

course  of,  662 
speech  centre,  719 
Motosensory  activity,  770 

quickening,  770 
Mouth,  374 

bacteria  of,  374 
Movements  of  brain,  709,  710 
of  cranium,  731 
of  foot,  733 
of  forearm,  732 
of  hand,  732 
of  leg,  733 
of  stapes,  590 
of  thigh,  733 
of  upper  arm,  732 
Mucus,  increase  in  int<»Htine  of,  419 
in  gastric  puice,  397 

diminution  of,  397 
excess  of,  397     ^ 
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Miiller,  Johannes,  28 
MiiUerian  duct,  759 
Muscle,  action  of  heart,  184 
amount  of  contraction,  736 
blood  supply  of,  71 
-bone  organs,  animal,  mechanics, 
734 
functions  of,  732 
general,  729 
special,  731 
sketal  muscles,  729 
cell,  size  of,  67 
change  in  length  of,  78 
in  form  of,  78 

in  transverse,  dimensions  of,  81 
chemical  changes  in,  83 

reaction  of,  84 
curve,  81 

effect  of  drugs  on,  81 
of  lead  on,  81 
of  temperature   on   form 
of.  80 
direct  stimulation  of,  76 
electric  changes  in,  85 
fibre,  69 

structure  of,  69 
indirect  stimulation  of,  76 
isoelectric  properties  of,  86 
-nerve  preparation,  72,  73 

supply  of,  71 
papillary,  115 
physiolo^  of,  75 
stimulation  of,  75,  76 
structure  of,  67 
thermal  changes  of,  84 
work  done  by  a,  82 
Muscles,  251 

laryngeal,  251 

voluntary  muscle-bone  organs,  729 
muscular  organs,  728 
Muscular  action,  ()86 

adjustment  of,  (>86 
movement,  unconscious,  centre  of, 

687 
organs,  728 
sense,  564 

impulses,  691 

influence   of,   691 
svsteiu,  phvsiologv  of  (outline),  726 
tissue,   726 

general  activities  of,  726 
MyojillHiinin,  307 
MyelcTmiji,   195 
Mvoearditis,   199 
acute,   199 

piitholoKV  of,   199 
physiology  of,   199 
svinptoniatologv  of,  199 
chronic,  20() 

pathology  of,  200 
pliysiology  of,  200 
sytiiptotnatology  of,  200 
Myoglobulin,  307 


Myogram,  79 

double  muscle  cur\-e,  79 
single  muscular  contraction,  79 
tetanus  curve,  80 

Myopic  eve,  614 

Myosin,  307 

Myosinogen,  307 


Nasal  reflex,  672 
Nerve  bundles,  72 

degeneration  of,  642 
retrograde,  643 
WaUer's,  642 
distribution    of    chorda    t>'mpani, 
329 
of  glossopharyngeal,  329 
ending  of,  in  muscle,  71 

in  tendon,  71 
fibre,  medullated,  72 
function  of  chorda  tjmipani,  650 

unity  of,  650 
physiology  of,  75 
relation  of,  to  stimuli,  88 
stimulation  of,  75,  76 
trunk,  71 

Properties  of,  89 
arteries,  189 
laryngeal,  252 
of  skin,  547 
structure  of,  71 
vasoconstrictor,  190 
vasomotor,  189 
vasodilator,  190 
Nervous  s>'stem,  747 

beginning  of,  747 
central,  760 

general  functions  of,   101 
influencing  metabolism,  462 
relation  of,  to  the  organism,  96 
stnicture  and  function  of,  96 
s\Tiipathetic,   103 
Neural  tube,  747 
Neuraxone,  98 
Neurent-eric  canal,  748 
Neurite,  98 
Neuroglia,  96 
Neurokeratin,  308 
Neuronal  cell  bodv,  633 

Nissf's  bodies  of,   (>33 
protoplasm   of,   63^J 
tigroid  bodies  of,  ()33 
theory,  642 
Neurone,  644 

activity  of,  644 

axone  of,  633 

collaterals  of,  633 

definition  of,  96 

dendrites  of,  633 

eff'ect  of  mutilation  upon,  642 

general  description  of,  632 

motor,  99 

physiology  of,  642 
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Neurone,  scheme  of,  97 

sensory,  99 

structure  of,  632 

threshold,  648 
Neurones,  638 

anaxonic,  638 

diaxonic,  638 

inhibitory  powers  of,  653 

interrelations  of,  641 

monaxonic,  638 

origin  of,  639 

polyaxonic,  638 

trophic  influence  of,  upon  tissues, 
654 

tyj)es  of,  640 
Neuronic  development,  655 

postnatal,  655 
Neutrophilia,  195 
Nitrogen  equilibrium,  467 
Nitrogenous  metabolism,  495 

pathologic  physiology  of,  495 
Non-striated  involuntary  muscle,  727 
character  of  contraction, 

727 
mechanics  of,  728 
Normal  eye,  606 

refractive  media  of,  606 
Normoblast,  193 
Nuchal  flexure,  761 

protuberance,  761 
Nuclear  spindle,  740 
Nuclei  of  third  and  fourth  ner\'es,  705 
Nuclein,  cell,  307 
NucleoaJbumins,  307 
Nucleoplasm,  37,  39 
Nucleus,  chemistry  of,  39 

cleavage,  743 

oculomotorius,  701 
fibres  to,  701 

segmentation,  742 

structure  of,  39 
Nutriment  of  mesenchyme,  750 
Nutrition,  107 

definition  of,  42 

of  embryo  and  fetus,  foods,  diges- 
tion and  absorption,  7(i7 


Obesity,  494 

ansmic,  495 

etiology  of,  494 

hydra?mic,  495 

pathogenesis  of,  494 

pathoi(>gic  physiology  of,  495 

plethoric,  495 
Objective  sensation,  555 
GCdema,  540 

pathogenesis  of,  540 

pathologic  physiology  of,  541 
(Ksophagus,  279 
Oils  as  foods,  320 
Olfactory  ccntrt»,  721 

organs,  5()9 


Olfactory  organs,  structure  of,  569 

Oncometer  curves,  154 

One  and  two-chambered  heart,  754 

Optic  vesicles,  748,  761 

Organic  excretion,  533 

reflexes,  673 

genitourinary,  674 
pathologic,  674 
Organism,  21 

a  living,  21 
Organogenesis,  760 

central  nervous  system,  760 

circulatorv  svstem,  753 

digestive  system,  757 
general,  757 

respiratory  system,  756 

urogenital  system,  758 
Organs,  circulatory,  113 

muscular,  728 
tongue,  728 
Origin  of  germinal  cells,  639 

of  neuroblasts,  639 

of  neurones,  639 

of  urinary  system,  750 
pronephros,  751 
Osmosis,  436 
Ovary,  296 

internal  secretion  of,  296 
Ovum,  340 

germinal  spot,  740 
vesicle,  740 

vitelline  membrane,  740 

yolk,  740 
Oxidation  and  reduction,  458 


Pancreas,  282,  757 

conditions  which  modify  activitv 

of,  363 
diminished  activity  of,  412 
influencing  metabolism,  461 
innervation  of,  363 
internal  secretion  of,  295 
secretory  actiN-ity  of,  362 
Pancreatic  juice,  action  of,  366 

causes  of  diminution  of,  412 
composition  of,  365 
effects  of  diminution  of,  412 
factors  controlling  the  secre- 
tion of,  363 
insufficiency,  498 
Pantagraph,  chest,  222 
Paracelsus,  26 
Paralinin,  39 
Parathyroids,  287 

function  of,  291 
Parotid  glands,  326 
Particle,  definition  of,  18 
Parturition  reflex,  674 
Pasteur,  27 

Pathologic  phvsiologv  of  cerebral  cor- 
tex, 721 
aphasia,  721 
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Patholo^c  phjTfliology  of  carbohydrate 
metabolism,  490 
of  cord,  665 
of  equflibraUoo,  696 
astasia,  696 
aatbenia,  609 
atonia,  609 
of  excretioa,  532 
cdlular,  532 
tiasoe,  532 
of  meaenoei^ialoii,  706 

Weber's  syndrome,  706 
of  metabolism,  490 
of    nitro^eiioiis    metabolism, 
495 
cutaneous  reflex,  672 
deep  reflexes,  673 
ankle  donus,  673 
patellar  donus,  673 
reflexes,  674 
Pathways,  afferent,  680 
lateral  fillet,  681 
mesial  fillet,  680 
association,  681 
oerebellocerebral,  704 
efferent,  678 

cerebropontine-cerebellar 

tract,  679 
fasdculus  longitudinalis  pos- 
terior, 679 
pyramidal  tract,  678 
Pawlow's  experiments,  348 
Pedunculi,  pes,  706J 
Pepsin,  311 

secretion  of,  344 
Perception,  724 
Pericarditis,  198 
acute,  198 

pathology*  of,  198 
physiology  ojf,  198 
symptomatology'  of,  198 
chronic,  199 
Peril^-mph  of  the  scala  vestibuli,  590 
Perimysium,  68 
Perineurium,  72 
Peristalsis,  377 

Peristaltic  character  of  heart  contrac- 
tions, 728 
Perspiration,  531 

factors  which  cause  a  variation  in 

the  quantity,  531 
influence  of  nervous  system  upon 
it,  531 
Pes  pedunculi,  706 
Pfluger's  law.  91,  92 
Pharyngeal  reflex.  672 
Pharyngitis.  263 
acute.  263 

pathology  of,  263 
physiology  of,  263 
symptomatology  of,  263 
chronic,  264 

pathology  of,  264 


Pharyngitis,   chronic,   phvsiolog>'  of. 
264 
^rmptomatology  of,  264 
Pharynx,  213,  279 
PheiK^,  oompositioD  of,  302 
Phenomena,  743 

external,  of  segmentation,  743 
internal,  of  segmentation,  743 
Phlebitis,  207 
acate,  207 

pathology  of,  207 
dironic,  208 

pathc^ogy  of,  208 
Phonation,  256 
Physical  theory,  437 
Physiologic  acoustics,  575 
definition  of,  575 
production  and  propagation  of 
sound,  575 
optics,  593 

definitions  of,  593 
Physiology  of  cerebellum,  686 
definition  of,  17 

developnent  of,  as  a  science,  24 
general,  31 

maternity,  lactation,    771 
parturition,  771 
pregnancy,  771 
normal,  of  interbrain,  707 

centre  of  instinctive,  707 
relay  station,  707 
sensory  centre,  707 
of  mesencephalon,  700 
of  quadrigeminallxKiies,  ante- 
rior, 701 
posterior,  700 
of  cerebrum,  709 

function  of  cortex,  711 
movements  of  brain,  709 
of  dermal  s>'stem,  protection,  547 
of  embr>'o  and  fetus,  767 

activity,  motosensory,  770 
circulation  of,  769 
metabolism     and     excre- 
tion of,  770 
nutrition  of,  767 
respiration  of,  769 
of  excretion,  512 

renal,  512 
of  external  ear,  586 

meatus  extemus,  586 
membrana  tympani,  586 
pinna,  586 
relations,  outline  of,  543 
of  hearing,  part  played  by  external 

ear,  586 
of  interbrain,  707 

pathologic,  708 
of    medulla   oblongata    and    pons 

Varolii,  678 
of  mesencephalon,  699 
of  middle  ear,  588 
of  muscular  system,  outline  of,  726 
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Physiology  of  nervous  system,  outline 
of,  629 

of  neurone,  642 

of  sensation,  553 

of  sense  of  smell,  570 

of  spinal  cord,  655 

of  taste,  573 

simmiary  of,  573 

of  vision,  604 

relation     of,     to     other     natural 
sciences,  23 

special,  107 
Piezometer,  126 
Pitch,  591 

intensity  of,  591 

range  of,  591 
Placenta,  766 
Plane  of  Heusen,  70 
Plasma  of  blood,  140 

functions  of,  144 
Plasmosome,  39 
Plastids,  38 
Plethysmogram,  181 
Plethysmograph,  180 
Pleurisy,  270 

pathology  of,  270 

physiology  of,  270 

fi^rmptoms  of,  270 
Poikilocyte,  193 
Poikilocytosis,  193 
Polysaccharides,  304 
Pons  as  independent  centre,  681 

Varolii,  676 

physiolo^  of,  676 
Pontal  flexure,  761 
Postnatal  neuronic  development,  655 
Posture  sense,  562 
Potential  energy,  480 

primary  liberation  of,  480 
represented      by     foodstuffs, 
table,  476 
Pneumonia,  267 

pathology  of,  268 

physiology  of,  267 

symptoms  of,  267 
Pregnancy  and  parturition,  771 
Pressure,  166 

blood,  166 

intra-abdominal,  227 

intra-auricular  blood,   160 

intrathoracic,  224 

intraventricular  blood,  160 

measurements  of,  125 

of  liquids  following  through  tubes, 
127 

respiratorv,  226 

slope,  127 

variations  of  arterial,  168 
Priestly,  28 
Primary  fon4)raiii  vesicle,  748,  761 

hiiidbraiii  vcHicle,  748,  761 
Primitive  lung  vrsides,  757 

segment  plate,  747 


Primitive  segments,  development  of,  746 
Principle  of  histologic  differentiation, 
751 
of  unequal  growth,  751 
Principles  of  dietetics,  477 
Problems  in  animal  mechanics,  734 
Process  of  cutaneous  excretion,  531 

of  urinanr  excretion,  526 
Production  of  sound,  575 
Pronephros,  751 
Propagation  of  sound,  575 
Propane,  298 
Properties  of  sound,  577 
intensity  of,  577 
pitch  of,  577 
quality  of,  578 
Proteids,  307  ^ 

Proteins,  375 

bacterial  action  on,  375 
chemistry  of,  305 
classification  of,  306 
effect  of  heat  on,  356 
nutritive  value  of,  467,  468 
Proteoses,  307,  354 
Protoalbumoses,  354 
Protoplasm,  32 

cnemical  properties  of,  33,  34 
diflfusibUity  of,  32 
physical  properties  of,  32 
refractive  index  of,  32 
specific  gravity  of,  32 
structure  of,  35 
viscositv  of,  32 
Protothrombin,  149 
Protuberance,  nuchal,  761 
Ptyalin,  311 

variations  in  percentage  of,  382 
Pulmonary  excretion,  529 
Pulmonic  valves,  204 

disease  of,  204 
Pulse,  172 

dicrotic  wave,  174 
postdierotic  wave,  174 
rate,  175 

variations  of,  175 
tidal  wave  of,  174 
Pupillary  reflex,  675 

accommodation,  675 
Argyll-Robertson,  675 
light,  675 
pathologic  675 
sympathetic  pain,  675 
Purposeful  character  of  reflex  action. 

668 
Pyloric  reflex,  673 
Pylorospasm,  389,  409 
Pylorus,  281 
Pyramidal  tract,  678 
Pyrenin,  39 


QuADRiOEiiiNAL  bodics,   anterior,   703 
effects  of  irritation,  703 
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Quadrigeminal  bodies,  anterior,  fillet, 

701 
physiology  of,  701 
relation  to  vision,  702       j 
posterior,  700 

physiology  of,  700  j 

Quantitative    relation    between    blood ! 

and  cerebrospinal  fluid,  709 
Quotient,  respiratory,  235  \ 


Radicles,  lymph,  121 
Range  of  accommodation,  613 
emmetropia,  613 
of  intensity,  591 
of  pitch,  591 
Rations,  for  average  men  under  different 
conditions,  478 
varied,  for  sex  and  age,  table,  479 
Reaction  of  intestinal  contents,  371 
Reception  of  sound,  590 

Helmholtz's  harp  theory  of,  790 
Waller's  telephone  theory  of, 
591 
Recollection  and  memory,  724 
Record,  time,  66 
Reduction  and  oxidation,  458 
Reflex  accommodation,  675 

action,  general   considerations  of, 
667 
mechanical  character  of,  668 
purposeful  character  of,  668 
time  required  for,  669 
biceps,  672 

centres,  location  of,  676 
cutaneous  pathologic,  672 
emesis,  674 

inferior  maxillar}',  672 
light,  675 
micturition,  674 
parturition,  674 
patellar,  672 
pathologic,  625 
pupillary,  675 

regurgitation,  duodenal,  674 
scapulohuuieral,  672 
seminal  emission,  674 
spasm,  670 
sympathetic  pain,  675 
Keflexes,  671 

co-ordinated,  extensive,  671 
deep.  672 

biceps  reflex,  672 
inferior  maxillary,  672 
knee-jerk,  672 
patellar  reflex,  672 
scapulohumeral,  672 
triceps  reflex,  672 
extensive,   670 
genitourinary  tract,  674 
micturition,  674 
parturition,  674 
seminal  emission,  674 


Reflexes,  inco-ordinated,  extoisive,  670 
inhibition  of,  669 
of  alimentary  tract,  673 
defecation,  674 
deglutition,  673 
gastric  movements,  673 
intestinal  movements,  673 
organic,  673 
P3rIoric  reflex,  673 
sucking,  673 
of  circulator>'  system,  675 
of  respiratorv  tract,  675 
pathologic,  673,  674 
ankle  clonus,  673 
duodenal  regurgitation,  674 
emesis,  674 
patella[r  clonus,  673 
simple  or  partial,  670 
superficial,  671 

abdominal,  672 
conjunctival,  672 
cremasteric,  671 
erectile,  of  penis,  671 
gluteal,  671 
larvngeal,  672 
nasal,  672 
pharyngeal,  672 
types  of,  670 
Refraction,  593 
Regio  olfactoria,  569 
Renal  excretion,  533 
insufficiency,  533 

(Mithogenesis  of,  533 
pathologic  phvsiolog>-  of,  534 
Rennin,  312 

secretion  of,  344 
Renninogen,  344 

Representative  imagination,   725 
Reproduction,  52 
cell,  54 
embryo,  743 
fertihzation,  741 
maturation,  740 
outline  of,  738 
o\^m,  740 

physiolog>'  of  maternity,  771 
segmentation,  742 
Respiration,  213 

anatomic  introduction  to,  213 
by  gills,  213 
by  lungs,  213 
chemistn'  of,  231 
Cheyne-Stokes'  type  of,  229 
comparative  physiology  of,  212 
control  of,  245 
cutaneous,  212 
definition  of,  212 
dermal,  549 
external,  231 
internal,  212 

or  tissue,  242 
introduction  to,  211 
mechanics  of,  218 
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Respiration,  nerves  governing,  245 
of  embryo  and  letua,  769 
pathologic  physiology  of,  260 
physical  introduction  to,  216 
physiology  of,  218 
principles  of  cell,  244 
types  of,  228 
Respiratory  centre,  684 
action  of,  248 
passages,  213 
system,  756 

development  of  lungs,  756 
general  considerations  of,  756 
gill  arches  of,  756 
in  highest  fishes,  756 
innervation  of,  247 
tract,  675 

reflexes  of,  675 
Reticulum,  35 

adenoid,  119 
Retina,  620 

irritabilitv  of,  620 
Retinal  stimulation,  619 

stimuli,  619 
Retrograde  degeneration,  643 
Rheocord,  Du  Bois-Reymond,  63 
Rheoscope,  85 

physiological,  85 
Rheostat,  62 

use  of,  62 
Ridge,  760 

urogenital,  760 
Rigor,  88 

caloris,  88 
mortis,  88 
Roots  as  foods,  318 
Rotation,  730 
Rumination,  408 


Sa(!CHarose,  304 
Saliva,  381 

abnormal  (composition  of,  381 

constituents  of,  382 
changed  reaction  of,  381 
composition  of,  3«33 
dccreas<»<l  secn»tion  of,  380 
excess  of  mucus  in,  382 
incn'jised  secretion  of,  378 
secn^tion  of,  326 
Salivary  digestion,  334 

chemistry  of,  334 
factors  influencing,  335 
gland,  190 

nerve  supply  of,  190 
Salt,  151 

solution,  151 

transfusion  of,   151 
Salts.  316 

function  of,  in  digestion,  316 
SajK»nification,  370 
Sarc<»l«'iiniia,  the,  68 
Sarcomcn»,  70 


Sarcoplasm,  68 
Scala  vestibuli,  590 

perilymph  of,  590 
Scapulohumeral  reflex,  672 
Schizaxone,  638 
Schwammerdanmi,  27 
Schwann,  72 

substance  of,  72 
Sebaceous  glands,  548 
Secretion,  283 

definition  of,  284 
external,  285 
internal,  285 
Second  order,  41 

indiAidual  of,  41 
Secondary  sensations,  625 
after-images,  625 
contrast  of,  625 
Segment  plate,  747 

primitive,  747 
Segmentation,  742 

external  phenomena  of,  743 
internal  phenomena  of,  743 

achromatic  figure,  743 
chromatic  figure,  743 
of  cleavage  nucleus,  743 
nucleus,  742 
Segments^  746 

primitive.  746 

development  of,  746 
Selection  theory,  439 
Seminal  emission  reflex,  674 
Sensation,  550 

and  perception  of  sound,  591 
objective,  555 
outline  of,  550 
phvsiology  of,  553 
tactile,  559 

Weber's  law  of,  559 
visual,  618 
Sensations,  553 

auto-objective,  553 
secondarj',  625 
subjective,  general,  553 
Sense  of  posture,  562 
of  smell,  569 

physiology  of,  570 
of  taste,  574 

acutenesH  of,  574 
localization  of,  574 
physiology  of,  573 
Sensibility,  51 
Sensory  centres,  719 

localization  of,  719 
impulses,  656 

course  of,  656 
Serum,  151 

transfusion  of,  151 
Ser\'etus,  26 

S<»xual  diff'en»ntiation,  760 
Shock,  150 
Sighing,  230 
Signal,  Deprez,  67 


7»2 


t  €A  Ihod  spot,  ¥» 
^4  opck  ^fidk,  €fMf 


<70 


fd  risUaai 


m» 


Solid  UwiM,  44 

alMorpiioo  of ,  44 
SolittkA  UMTiTj,  445 
.ScmunitfaetM?  tjeatwe^  719 
Scmstie  meaeneiiyiiiey  749 

SCPOJ5,  ^ 

prodtnttkm  mod  propagatkip  of,  575 
prop^rttai  of ,  577 
f«s«e|Hic»  of,  590 
r«fleetkm  aad  refractioo  of,  576 
«eti«atioo  Slid  pereepcaon  o4  591 
tnuuroiflion  cm,  586 
▼elocitv  of  prDpagatiofi  of,  576 
BpMm.  nrmrx,  d70 

Hpc^cuu  developfnent  of  difs^gtive  gfaindg, 

liver,  757 
nyfltem  of  pancreas,  757 
functiotu  of  musde-bone  organs, 

731 
metamorphomji  of  heart,  755 
iienjieB,  567 
.Specific  energy  of  nerves,  650 
.Spe/;troflcope,  142 
Hpeeeh,  2->6 
Sphygmoeram,  173 

rn^xiincation  of,  175 
.Sphvgrn*'>graph,  173 
liijrigerin'H,   173 
Voris-yn,  173 
Sphyjcinowyjpe,   127 
Spinal  r;rjrfi,  f>56 

fxjnductor  of  ner\'ou«  impulses, 

♦i56 
ff*ature«  of,  98 

lesion  in  Brown-S^quard  par- 
alysis, 665 
pathologic  physiology  of,  665 
physiology  of,  f>55 
rfflf'X  centre,  666 
trophic  ccmtre,  677 
Spindlf,  fonnalion  of,  55 

nuclear,  740 
Spircin,  formation  of,  55 
Spirometers,  227 
Splanchnic  mes^-n chyme,  749 
Splanchnopleure,   123 
Spleen.    121 

(lcv<'lr»prn<'nt  of,  121 
1  unctions  of,  153 


Stiinnlua,  82 

limmal,  82 

optiuuim,  82 

rdataon  of  vrork  ia.  S 
Stomach,  279 

bacteria  o(^J9ff 

ofinaii«£^»rrof%: 

fieeof,  406 
of  motor  maa&aeocy  ot 
of  pykme  maafBcxB/rs-  x,  *C^ 
of  pylorospaan  oc.  -I0& 
of  spaan  of  the  cardie  cc.  410 
contents,  357 

influence  of  difaiticci  oc  'iic^s- 

lion  of.  357 
percentage  of  HO  in.  357 
reaction  of,  356 
effects  of  hvpermotility  cc,  409 
of  insumcienrv  of  cardiac  or- 

fieeof,  409* 
of  motor  insufficiency  of.  40^ 
of  pyloric  insufficiency  oc.  4rts 
of  pylorospasm  of.  410 
of    spasm   of    the    cardia   of. 
410 
inner\'ation  of.  282,  347 
motility   of,    in   hvperchlorhvdna. 

389 
motor  insufficiency  of.  389 
movements  of  the,  358 
ulcer  of,  388 
Striated  in volimtary  muscle,  heart ,  728 
Strohmur,  170 

Ludwig's,  170 
Structure  of  olfactory  organs,  569 
Sublingual  glands,  326 
Submaxillary  glands,  326 
Succus  entericus,  372 
action  of,  372 
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Succus  entericus,  causes  of  diminished 
secretion  of,  418 
composition  of,  365 
effects  of  diminished  secretion 

of,  418 
increased  secretion  of,  418 
Sucking  reflex,  673 
Sucroses,  303 
Sugars,  317 

Sununarv  of  anabolism  and  katabolism, 
473 
of  anatomy  and  histology  of  the 

ear,  583 
of  early  development,  751 
of  morphologic    features    of    the 
demial  system,  544 
Summation  of  stimuli,  669 
Superficial  reflexes,  671 
Superior  brachium,  701 
Support  of  mesenchyme,  750 
Suprarenal  capsules,  293 

functions  of,  293 
Sweat,  529 

centre,  489 

chemical  composition  of,  530 
^nensd  characters  of,  529 
morganic  constituents  of,  531 
reaction  of,  530 
specific  gravity  of,  532 
S3rmpathctic  chain,  103 
the  cervical,  103 
the  coccygeal,  104 
the  lumbar,  103 
the  sacral,  104 
the  thoracic,  103 
system,  103 

function  of,  105 
structure  of,  103 
visceral  plexuses  of,  105 
Syndrome,  Weber's,  706 
Synthesis  and  decomposition,  458 
System,  760 

central  nervous,  760 
circulator>',  753 

reflexes  of,  675 
digestive,  757 
dioptric,  596 
lymphatic,   119 
nervous,  747 

l)eginning  of,  747 
respirator)',  756 
urinary,  750 

origin  of,  750 
un>gcnital,  758 
Systole,  l.'W,  155 


Tactile  iniprcssions,  692 
influeiKt^  of,  692 

impulses,  course  of.  658 

sf'iLS*',  557 

of  touch,  557 

««'nsibilitv.  560 


Tactile  sensibility,  table  of,  560,   561, 

562 
Taste  centre  of  the  medulla,  686 
Teeth,  278 
Temperature,  484 

and  pain  impulses,  657 
course  of,  657 
factors  which  cause  variations  of, 

484 
sense,  565 
topography,  487 
Tendon,  71 

nerve  endings  in,  71 
Testis,  296 

internal  secretion  of,  296 
Tetroses,  303 
Theories  of  vision,  625 
Franklin's,  625 
Hering's,  624 
Youn^-Hehnholtz's  624 
Theory,  emulsion,  445 
neuronal,  642 
physical,  437 
selection,  439 
solution,  445 
vital  energy,  437 
Thermal  changes,  727 
I  Thermogenic  centres,  488 
Thermolysis,  dermal,  549 
j  Thermolytic  centres,  488 
Thermotactic  centres,  488 
I  Thigh,  movements  of,  733 
I  Thira  order,  individual  of,  41 
I  Thrombin,  148,  312 
Thrombosis,  201 

pathology  of,  201 
physiology  of,  201 
symptomatology  of,  201 
Thvroid,  function  of,  298 
Thyroidin,  290 
Time,  172 

circulation,  172 
Tissue,  57 

lymphatic,  119 
physiology  of  contractile,  57 
I  of  irritable,  57 

Tongue,  279 
TonsUlitis,  263 
acute,  263 

pathology  of,  263 
physiology  of,  263 
symptomatology  of,  263 
chronic,  264 

pathology  of,  264 
physiology  of,  264 
symptomatology  of,  264 
Trachea,  213.  214 
Tract,  cerebn)pontine-cen»bellar,  679 
pyramidal,  678 
respirator}',  reflexes  of,  675 


Transference  of  an  impulse  from  one 
neurone  to  another.  *'  neurone  thresh- 
old," 648 
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TfasMrfc^maakio  of  fn«nn'.  4S1 
TruutffUMQ  ftf  blwML  LSO 

tiftdicatkifk^  fcir.  131 
TraavniOTMCi  of  impul^Ks*,  647 

of  wmumL  .5N9 

flummed-iip  forw  of.  389* 
Tfvn-inuia«.  27 
Tric«pft  rHIex.  672 
Trictufwl  uufuffirinK-v.  2CM 

|wtlKikjf>'  of.  a(M 

Tprjphie  centre.  677 

i^MxiaJ  ci(#rd.  677 
mfltMfOf^    of    neorooei^    in    iMsni- 
pk^dft.  6S5 
in  joint  di^cAnr.  655 
in  fP>Tin4Boin>'^c4ia.  655 
upcA  tlie  tis«i(!3S.  "gioosv 
}*in/'  651 
True  amnion,  763 
Tninki*.  h-mph.  121 
Tryp«n.  311 

art  ion  of.  367 
Tuli^.  neural.  747 
Tuljer«rulo«i«.  260 

acute  ptilnionar>-,  269 
chronic  ptilnKinar\'.  269 

mOiao'.  269 
T^-pei?  <rf  neuiofjei?.  640 
cell  t\'pe  I..  640 
Goliri'***  «-U  tvpe  IL.  640 
of  reflexen.  670 
Typical  ifmiptmud*-.  457 

rnrnjlation  of.  457 


Umbilical  f-rird.  764 

Unequal  frniwth«,  prinriplf  of,  751 

Upper  anil,  riiovein^nt*  of.   732 

I'raeniia.  53S 

f)atijo(rerje«i*  of.  53S 
pathokijrir  phvsioloirv  of.  5^iS 

Ureter.  760 

Uriiiar>-  bladder.  7W 
con-it  it  iient*».  514 

r^rf^parately  consid^'red.  514 
p^ji-oriiiijr.  537 

unf'iiiia.  .537 
sy.steiii.   75^) 

origin  of,   7n4) 

Urine.  512 

acid-  of.  524 
l^ase-i  (ti.  .525 
carbohydrate-  iif.  522 
jETcnerai   characteristics.  513 
!iumniar\'  of  c-oior  of.  513 
inorganic  ctmstituents  of.  524 
nitnjgenoii^  <t»nipf>unds  of.  515 
organic  (H»nijx>und<  of.  514 
other  organic  coinpMinds  of,  523 
quantity   of.    512 
reaction  of.  512 


C-.       * 


pBlliop«)&a«  oi.  S3> 


Urocoxjpinia.  o39 


cc. 


Van  Drke,  27 

Vahatibn.  neeaiiT^.  ^«l  5^ 

VafloconfCnrtor  centre.  19C«.  ^rfiS 

dimt  fUmulaCMCi  cc.  191 
reflex  g<iniTila^c^  cc.  lyl 
Vasodilatation.  191 
VaaooKiCor  cvnire.  €84 
Vasodilator  centres.  489 
Ve^etable«  m^  food*^,  31 S 
Veins,  116 

ciiTulation  in.   179 

force?  eau.4n^  cirrulatiofi  in.  179 

structure  of.  116,  117 
Velocity.  128 

axial.  12S 

mean.  12S 

mural.  12S 

of  blood  flow.   1^ 

determined  by.  171 
variation*  of .  171 
\'entricle.  work  of.    162 
\'ertebratei?.  lower   circulatory-    -v-iiem 

in.  754 
N'esaliu's.  26 
\'e«cle.  748 

cerel>ellar,   748.   761 

geniLinal.  740 

lung,  primitive.  757 

medullar.  748.   761 

metamorphosL*  of.   762 

midbrain.  748,  761 

optic.  748.    761 

primarv-  forebrain,  748.   761 
hindbrain,  748,   761 
Vessels,  1  nth  ph.   121  • 

Vision,  acuteness  of.  627 

comparative  physiology-  of.  597 

direct  and  indirect,  621 

outline  of.  592 

physiologA-  of,  604 
Visual  centre.  720 

estimates,  627 

impressions,  693 

influence  of.  693 

mechanics,  616 

monocular  fixation,   616 

optics,  605 
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X'isual  perceptions  and  judgments,  620 

refraction,  605 

sensations,  618 

fundajnental,  622 
secondary,  625 
Vital  energy  theory,  437 
Vitelline,  307 

membrane,  740 
Voit,  29 
Volition,  725 
\''oluntary  muscles,  728 
Vomiting,  410 

causes  of,  410 

centre,  684   . 

effects  of,  411 

influence   of   the   nervous   system ! 
upon,  361 

mechanism  of,  360 
Vowels,  257 


Waller's  law  of  nerve  degeneration, 
643 

theory  of  reception  of  sound,  501 
Weber,  29 
Weber's  law  of  tactile  sensation,  559 

8>'ndrome,  706 
Weight  equilibrium,  453 
Will.  725 

Wolflian  duct,  759,  760 
Work,  modified  by  load,  83 

by  rapidity  of  stimuli,  82 

relation  of,  to  size  of  muscle,  83 
Writing  centre,  Exner's,  718 

Yawning,  230 

Voung-Helmholtz  theory  of  vision,  624 

ZUNHT,    28 


